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Thursday,  5th  November  1874. 

The  Society  held  its  Forty-First  Anniversary  Meeting  on  5th 
November  1874,  when  the  following  Inaugural  Address  was 
delivered  by  Professor  H.  Alleyne  Nicholson,  one  of  the  Vice- 
Presidents  of  the  Society  : — 

INAUGURAL  ADDRESS, 

On  the  Palceontological  Significance  of  the  Migrations  of  Animals. 
By  H.  Alleyne  Nicholson,  M.D.,  D.Sc,  F.Pt.S.E,  F.G.S., 
Professor  of  Natural  History  in  the  University  of  St  Andrews. 

The  "  Introductory  Address,"  which  is  usually  delivered  at  the 
commencement  of  the  Annual  Session  of  most  learned  societies, 
is  very  properly  intended  to  be  of  interest  to  all  the  members  of 
the  body  before  which  it  is  given.  Hence  such  addresses  usually 
deal  with  the  internal  affairs  of  the  Society  itself,  or  are  con- 
cerned with  the  current  condition  of  the  special  science  which 
the  Society  may  happen  to  cultivate.  That  the  custom  here 
indicated  is,  in  a  general  way,  a  good  one,  I  cannot  doubt.  I 
am  not,  however,  without  the  precedent  of  high  authority  in 
departing  from  this  custom  to-night ;  and  I  intend,  therefore, 
rather  to  occupy  your  attention  this  evening  with  a  few  remarks 
upon  a  subject  to  which,  it  is  true,  I  have  been  led  by  my  own 
special  studies,  but  which,  nevertheless,  has  a  general  interest 
for  all  those  who  are  engaged  in  the  elucidation  of  geological 
phenomena. 

The  subject  upon  which  I  have  chosen  to  address  you  to-night 
concerns  the  conclusions  which  may  be  drawn  by  the  palaeonto- 
logist from  his  study  of  the  migrations  of  animals.  This  subject 
has  been  handled  more  or  less  fully  by  Sir  Charles  Lyell  in  his 
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great  work  on  the  "  Principles  of  Geolop;}',"  and  has  also  been 
incidentally  treated  of  by  iJarwin  in  the  "  Origin  of  Species ; " 
whilst  Barrande,  Edward  Forbes,  De  Yerneuil,  and  other  eminent 
palaeontologists  have  drawn  attention  to  it  in  various  portions 
of  their  works.  In  following  such  distinguished  authorities,  I  do 
not  propose  to  occupy  your  attention  to  any  extent  with  the  for 
the  most  part  well-known  facts  relating  to  the  migrations  of 
existing  species  of  animals.  I  may  have  occasion  to  summarise 
some  of  these  facts,  but  that  will  be  all.  On  the  contrary,  I  pur- 
pose to  contine  my  remarks  to  the  bearing  of  these  admitted  facts 
upon  various  interesting  geological  and  biological  questions. 

I  need  hardly  point  out  to  you  the  importance  of  the  general 
subject  of  the  migrations  of  animals  as  regards  the  science  of 
geology.  Upon  what  we  believe  upon  this  subject  must 
ultimately  depend  what  we  understand  by  the  term  "  con- 
temporaneous "  as  applied  to  different  groups  of  strata.  That 
the  stratified  rocks  of  the  earth's  crust  are,  wherever  we  may 
examine  them,  divisible  into  a  succession  of  definite  groups  or 
"  formations,"  is  admitted  by  every  geologist.  That  we  cannot 
compare  the  successive  formations  of  two  different  and  remote 
areas  except  through  the  organic  remains  which  they  may  con- 
tain is  also  universally  conceded.  Lastly,  it  is  a  matter  of 
general  belief,  that  when  we  find  two  formations  in  widely 
detached  portions  of  the  earth's  surface  containing  the  same 
fossils,  or  an  assemblage  of  similar  and  representative  forms,  then 
we  have  to  deal  with  two  "  contemporaneous "  formations.  As 
I  have  just  said,  however,  all  geologists  would  not  attach  the 
same  meaning  to  the  term  "  contemporaneous,"  and  their  views 
upon  this  fundamental  question  would  depend  upon  what  they 
believed  about  the  migrations  of  animals,  and  of  marine  animals 
in  particular.  The  oldest  view  is  one  which  would  attach  the 
natural  signification  to  the  term  "  contemporaneous,"  and  would 
hold  that  contemporaneous  deposits  in  different  regions  were 
really  deposited  at  precisely  the  same  period.  The  more  modern 
view,  on  the  other  hand,  would  hold  that  the  word  "  contem- 
poraneous," when  employed  by  geologists,  is  to  be  construed  in  a 
loose  sense.  Such  deposits  have  not  been  laid  down  at  the  same 
actual  point  of  time,  though,  speaking  geologically,  the  interval 
which  separates  them  is  a  small  one.  They  are  "  homotaxeous  " 
deposits  and  they  contain  similar  fossils,  because  the  animals 
inhabiting  one  area  migrated  extensively  into  the  other.  Hence, 
on  this  view,  two  formations  containing  similar  or  identical  fossils, 
if  placed  geographically  far  apart,  would  be  held  in  all  cases  to 
differ  in  point  of  age,  the  dilference  between  them  being  the 
length  of  time  which  would  be  refpiired  for  the  migration  of  the 
aniinals  of  the  odh  area  to  the  other,  it  is  obvious,  therefore, 
that   the    establishment    of    this   exceedingly    important    view 
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compels  us  to  prove  the  common,  and  indeed  constant,  occur- 
rence of  migrations  of  animals  and  plants  at  all  periods  of  the 
earth's  history,  and  to  this  point  we  shall  first  turn  our  attention. 

We  may  first  take  the  case,  and  it  is  a  not  uncommon  one,  in 
which  we  find  the  same  species  of  fossil,  or  the  same  group  of 
species,  recurring  in  the  uppermost  of  three  related  groups  of 
beds,  but  absent  in  the  middle  series  ;  supposing,  of  course,  that 
the  beds  occupy  the  same  area  or  two  areas  geographically  close 
together.  I  may  take  an  example  from  what  we  see  in  the 
Hudson  Kiver  group,  the  Medina  sandstone,  and  the  Clinton 
formation  of  North  America.  Here  we  find  the  Hudson  Eiver 
deposits,  the  lowest  of  the  three,  to  be  charged  with  numerous 
fossils,  amongst  which  Chcetdes  pctropolitanus,  Halysitcs  catemi- 
laria,  Leptcena  sericea,  StrojoTioviena  alternata,  Orthis  Mforata, 
Ortliis  testudinaria,  and  Bellcroplw)i  bilobattis,  may  be  mentioned 
as  common  forms.  All  these  species  reappear  in  the  Clinton 
formation,  the  highest  of  the  three  groups  ;  but  they  have  all 
hitherto  proved  to  be  absent  from  the  intermediate  formation  of 
the  Medina  sandstone,  though  this  formation  is  not  absolutely 
destitute  of  fossils,  and  varies  in  thickness  from  100  to  over  1000 
feet. 

Precisely  similar  phenomena,  as  I  have  elsewhere  shown 
("  Quart.  Journ.  Geol.  Soc."  August,  1872),  can  be  proved  to  have 
occurred,  if  we  examine  the  Graptolites  of  the  iSkiddaw  slates, 
and  the  Coniston  mudstones  of  the  Lake  District.  Thus,  to 
take  two  species  only,  we  find  Diplograptus  pristis  and  Climaco- 
grap)tus  teretiusculus  occurring  in  the  Skiddaw  slates,  and  in  the 
Coniston  mudstones,  but  absent  in  the  intermediate  series  of  the 
Borrowdale  rocks,  or  Green  Slates  and  Porphyries. 

Facts  of  this  kind  could  be  readily  multiplied,  and  they  do  not 
appear  to  admit  of  more  than  one  explanation.  When  we  find 
the  same  species  present  in  the  same  area  in  two  different  rock- 
groups,  but  absent  from  the  area  in  sediments  intermediate 
between  those  groups,  we  are  obliged  to  suppose  that  we  are  deal- 
ing with  a  case  of  migration.  At  the  close  of  the  deposition  of 
the  first  formation,  the  species  migrated  out  of  the  area  ;  it 
remained  out  of  it  during  the  whole  period  occupied  in  the 
deposition  of  the  second  formation  ;  and  it  migrated  back  again  at 
the  commencement  of  the  third  formation,  when  the  conditions 
once  more  became  suitable  for  its  existence. 

That  this  is  the  correct  explanation  is  proved  by  another  con- 
sideration. We  can,  namely,  often  actually  find  these  same 
species  occurring  in  a  different  geographical  area,  in  a  formation 
which  corresponds  in  point  of  age  with  the  inter;nediate  and 
barren  formation  in  the  first  area.  Thus,  the  zoophytes  and 
mollusca  which  I  have  mentioned  as  occurring  in  the  Hudson 
Eiver  and  Clinton  formations  of  the  North  American  continent, 
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but  not  ill  the  intermediate  deposit  of  the  Medina  sandstone,  are 
found,  hundred  of  miles  to  the  east,  in  the  island  of  Anticosti,  in 
ri'-hly  fossiliferous  deposits  which  correspond  in  point  of  time 
with  the  sterile  Medina  sandstone  of  the  State  of  New  York. 
Similarly,  the  dipiionidian  Graptolites,  which  are  common  to  the 
Skiddaw  slates  and  Coniston  mudstones  of  the  north  of  England, 
but  which  are  aljsent  from  the  intermediate  Borrowdale  series, 
are  found  flourishing  in  the  south  of  Scotland  in  the  MoH'at 
shales,  a  deposit  the  lower  portion  of  which  is  certainly  inter- 
mediate between  the  Skiddaw  and  (Joniston  groups,  whether 
strictly  the  equivalent  of  the  Borrowdale  series  or  not.  And,  I 
may  here  point  out,  that  this  view  is  not  affected  injuriously  by 
the  fact  that  the  secondary  area  may  be  quite  close  to  the  first, 
or  even  geographically  part  of  it,  as  in  the  instance  last  men- 
tioned. The  fact  that  some  of  the  Graptolites  of  the  Skiddaw 
group  ai'e  found  in  the  Moffat  shales  and  then  again  in  the 
Coniston  mudstones,  but  not  in  the  Borrowdale  series,  may  still 
be  accounted  for  by  the  theory  of  migration,  witiiout  violence,  in 
spite  of  the  geographical  nearness  of  the  Lake  District  and 
Dumfriesshire.  We  may  suppose,  with  Professor  Bamsay,  that 
the  Borrowdale  series  consists  mainly  of  suh-acrial  volcanic  beds. 
This,  surely,  necessitates  the  theory  of  the  migration  of  the  marine 
organisms  inhabiting  the  area,  instead  of  disproving  it.  Or 
without  going  so  far  as  this,  we  nuiy  simjily  suppose  that  the 
sea  covering  the  area  of  the  Lake  District  was,  during  the  deposi- 
tion of  the  Borrowdale  series,  rendered  unfit  for  marine  life  by 
volcanic  action  ;  that  the  marine  organisms  of  the  area  migrated 
to  the  south  of  Scotland,  the  sea  covering  which  might  have  been 
absolutely  continuous  with  that  of  Cumberland  without  neces- 
sarily being  similarly  disturbed  by  vulcanicity ;  and  that  finally 
the  same  organisms  returned  to  the  Lake  District  when  peace 
had  been  restored  to  its  waters  after  the  commencement  of  the 
Coniston  period. 

We  may  next  consider  the  phenomena  which  have  been 
described  by  M.  Barrande  under  the  name  of  "  colonies."  The 
"  colonies "  of  this  eminent  pala-ontologist  consist,  as  is  well 
known,  of  local  deposits  intercalated  in  the  great  Lower  Silurian 
series  of  the  Bohemian  basin,  but  containing  Upper  and  not 
Loiver  Silurian  fossiLs.  There  is  a  vertical  succession  of  these 
local  deposits,  and  the  sediments  which  separate  them  are 
charged  with  organic  remains  a])pertaining  to  the  Lower  Silurian 
series.  Finally,  the  Lower  Silurian  fauna  disappears  for  ever, 
and  the  Upper  Silurian  fauna,  which  had  previously  appeared 
in  this  spasmodic  and  sporadic  manner,  is  then  definitively  in- 
troduced. The  explanation  of  these  singular  colonies  of  LTpper 
Silurian  animals  in  the  midst  of  a  general  Lower  Silurian  fauTia 
can  only  be  found  in  the  hypothesis  of  migrations.     We  may, 
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namely,  explain  the  facts  of  the  case  as  follows  : — The  Silurian 
area  of  Bohemia  constituted  a  detached  basin,  which  had  no 
normal  or  regular  communication  with  the  Lower  Silurian  ocean 
which  covered  Scandinavia,  Britain,  and  Germany,  the  two  areas 
being  separated  by  natural  barriers.  Owing  to  causes  unknown 
to  us,  the  Lower  Silurian  fauna  of  Bohemia  was  more  persistent 
and  enduring  than  the  corresponding  fauna  of  Northern  Europe, 
and  consequently  it  was  still  in  force  at  a  time  when  the  older 
fauna  had  been  supplanted  in  the  northern  area  by  the  Upper 
Silurian  fauna.  Hence,  we  had  a  general  Lower  Silurian  fauna 
existing  in  the  Bohemian  basin,  and  a  general  Upper  Silurian 
fauna  contemporaneously  existing  with  it  in  the  great  Silurian 
basin  to  the  north  and  west  of  it,  the  two  being  separated  by 
land  barriers.  During  the  last  portion  of  the  Lower  Silurian 
period  in  Bohemia,  however,  we  must  suppose  that  oscillations 
of  the  land  took  place,  whereby  a  temporary  communication  was 
opened  between  these  two  areas.  This  allowed  an  immigration 
of  Upper  Silurian  species  into  the  Bohemia  area,  and  thus  caused 
the  first  "  colony."  Owing,  however,  to  closure  of  the  channel  of 
communication,  the  new-comers  must  have  been  unable  to  hold 
their  ground,  and  consequently  the  colony  had  only  a  short 
existence,  and  then  the  Lower  Silurian  fauna  again  reigned 
supreme.  Similar  oscillations,  occurring  for  a  second  time,  re- 
opened the  channel  of  communication,  permitted  another  immi- 
gration, and  gave  rise  to  a  second  colony,  which  again  had  a  brief 
existence.  And  in  this  manner  colony  after  colony  was  formed  ; 
until,  finally,  the  channel  of  communication  between  the  two 
areas  was  permanently  opened,  a  general  immigration  of  Upper 
Silurian  forms  southwards  took  place,  and  the  effete  Lower 
Silurian  fauna  of  the  Bohemian  basin  was  hnally  supplanted  and 
overpowered.  This  is  the  theory  of  "  colonies,"  as  propounded 
by  M.  Barrande,  and  a  more  beautiful  piece  of  paloeontological 
speculation  I  am  not  acquainted  with.  I  may  add,  that  though 
the  theory  of  colonies  has  had  to  endure  some  severe  assaults,  it 
has  so  far  succeeded  in  holding  its  ground,  and  its  truth  is  now 
generally  admitted. 

I  have  now  considered  two  special  cases  of  migration ;  but  there 
are  other,  more  common  and  universal,  palseontological  facts 
which  can  only  be  explained  by  the  same  theory.  When, 
for  exanijjle,  we  meet  with  the  same  species  of  fossils  at  points 
very  widely  remote,  though  in  deposits  of  approximately  the  same 
geological  age,  we  have  obviously  to  deal  with  cases  of  migration, 
whether  we  suppose  the  sea  to  have  covered  the  entire  area 
between  these  points  at  the  same  time  or  not.  Examples  of  this 
are  so  numerous  as  hardly  to  require  mention.  Thus  we  find 
forms  like  Strophomcna  rhomboidalis,  Atrypa  reticularis,  Lcptcena 
sciicca,    Calymene    Blumenbachii,    Phacops    caudatus,    Asaphus. 
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platycepJuilics,  and  many  others  common  to  the  Silurian  areas  of 
Europe  and  North  America.  The  Graptolites  of  the  Skiddaw 
series  of  the  north  of  f^ngland  are  in  many  instances  identical 
with  those  of  the  Quebec  groups  of  Xewfoundland  and  the  St 
Laurence  valley,  and  are  even  in  some  instances  the  same  as 
certain  Australian  forms.  The  well-known  corals,  Favosites 
Gothlandica,  F.  hemisphcrica,  F.  Forbesi,  and  F.  polymorpha,  are 
characteristic  of  the  Devonian  formation  of  Germany,  France, 
Britain,  and  Xorth  America.  Prodv.da  semircticnlata  is  similarly 
found  in  the  Carboniferous  limestone  of  the  continent  of  Europe, 
Great  Britain,  Xorth  America,  and  China ;  whilst  the  Xummulites 
of  the  ]\Iiddle  Eocene  occur  in  various  parts  of  Europe,  in  Asia 
Minor,  Xorth  Africa,  India,  and  Thibet. 

In  all  these,  and  in  inuumerable  similar  instances,  we  are 
obliged  to  recognise  the  influence  of  migrations.  It  is  not  con- 
ceivable, in  the  case  of  any  of  these  cosmopolitan  species,  that 
the  form  came  into  existence  simultaneously  at  all  the  points 
where  we  now  find  it.  On  the  contrary,  it  must  have  made  its 
appearance  at  some  one  point  or  centre,  and  then  gradually  dis- 
persed itself  by  migration.  Consequently,  the  various  beds  in 
which  the  remains  of  the  species  now  occur,  though  "  contempo- 
raneous "  in  the  geological  sense  of  the  term,  are  not,  and  cannot 
be,  of  precisely  the  same  age,  speaking  literally.  The  same  thing 
is  true,  of  course,  even  of  species  having  a  much  more  limited 
range  than  the  above;  l)ut  it  is  most  conspicuous  in  the  case  of 
wide-spread  forms. 

Again,  in  all  cases  of  unconformity,  where  there  is  not  a  total 
pahtontological  break,  we  have  proof  of  migration  having 
occurred.  If  we  find  any  of  the  species  characteristic  of  the 
deposits  beneath  the  line  of  unconformity  recurring  in  the 
deposits  above  that  line,  then,  clearly,  a  migration  must  have 
taken  place.  The  species  must  have  abandoned  the  area  at  the 
close  of  the  deposition  of  the  inferior  set  of  beds,  and  must  have 
returned  to  it  again  at  the  time  when  the  upper  set  of  beds  com- 
menced to  be  laid  down.  And  in  these  cases  we  have  reason  to 
know  that  the  period  occupied  by  the  migration  must  have  been 
an  exceedingly  long  one,  for  the  lapse  of  time  indicated  by  a 
general  line  of  unconformability  is  admitted  on  all  hands  to  be 
enormous. 

Having  now  indicated  some  of  the  proofs  which  we  possess  of 
the  occurrence  of  migrations  amongst  fossil  animals,  I  may  next 
briefly  consider  the  various  methods  in  which  migration  is 
effected ;  and  in  so  doing  I  shall  confine  my  attention  chiefly  to 
the  marine  invertebrata,  for  it  is  these  with  which  the  palaeonto- 
logist is  mainly  concerned. 

In  the  first  jtlace,  I  may  explain  what  I  mean  by  "  migration." 
In  its  strict  sense,  of  course,  the  "  migration  "  of  any  species  of 
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animal  is  its  removal  by  its  own  efforts  from  one  point  to 
another.  Naturalists,  however,  have  never  confined  the 
signification  of  the  term  to  such  voluntary  removals.  All,  at  any 
rate,  are  agreed  in  speaking  of  the  "  migration  "  of  the  higher 
plants,  though  these  obviously  have  no  power  of  altering  their 
quarters  of  their  own  accord.  There  is,  therefore,  no  reason, 
though  some  have  objected  to  the  practice,  why  w^e  should  refuse 
to  apply  the  term  "migration"  to  all  changes  of  place  of  any 
species  of  animal  or  plant,  whether  such  changes  are  effected  by 
the  organism  itself,  or  are  involuntary  and  are  the  result  of 
external  agencies.  In  the  sense  that  I  understand  the  term,  it  is 
just  as  proper  to  speak  of  the  "migration"  of  an  animal  which 
has  been  carried  away  from  its  normal  station  by  an  oceanic 
current,  or  of  a  plant  the  seeds  of  which  have  been  conveyed  to 
some  distant  point  in  the  crop  of  a  frugivorous  bird,  as  it  is  to 
speak  of  the  "  migrations  "  of  the  swallows.  The  only  point  that 
is  essential,  is  that  the  removal  of  the  species,  however  effected, 
should  result  in  the  actual  settlement  of  the  species  at  the  new 
point  to  which  it  has  been  carried. 

The  necessity  which  exists  for  the  migration  of  the  marine 
invertebrates  is  so  obvious  that  I  need  hardly  insist  upon  it.  The 
adult  is  in  most  cases  fixed,  or  endowed  with  very  poor  powers  of 
locomotion  ;  hence,  if  no  provision  existed  for  migration  and  dis- 
persal, an  accumulation  of  individuals  at  one  point  would  occur 
which  could  not  fail  to  injure  the  species  greatly,  if  it  did  not 
altogether  destroy  it.  As  a  general  rule  it  may  be  stated  that 
the  migrations  of  the  marine  invertebrates  are  mostly  effected  by 
means  of  locomotive  young,  even  in  cases  where  the  adult  has 
some  power  of  locomotion.  As  regards  the  commonest,  and  most 
widely  distributed,  groups  of  fossils,  this  is  very  generally  the 
case ;  or,  if  it  is  not,  the  species  is  usually  pelagic,  as  a  brief  con- 
sideration will  at  once  reveal : — In  the  sponges  the  adult  is  fixed, 
or  at  any  rate  is  incapable  of  locomotion,  except  in  the  case  of 
such  as  may  be  attached  to  other  organisms  which  have  the 
power  of  movement.  In  all  this  group,  however,  the  embryo  is 
free  and  locomotive,  changing  its  place  actively  by  means  of  the 
vibratile  cilia  with  which  the  surface  is  clothed,  and  thus  dis- 
persing the  species  from  place  to  place.  The  Sertularians  and 
other  hydroid  zoophytes  are  permanently  rooted,  and  are  them- 
selves not  locomotive,  though,  like  the  Sponges,  they  may  be 
attached  to  actively  locomotive  bodies.  In  almost  all  of 
the  marine  hydroids,  however,  the  embryo  is  ciliated  and 
locomotive,  and  in  many  of  them  the  diffusion  of  the  species  is 
still  more  efficiently  cared  for  by  the  production  of  free-swim- 
ming generative  zooids  or  Medusae.  These  little  jelly-fishes 
either  swim  actively  or  float  near  the  surface,  and  they  thus 
not  only  change  their  place  by  their  own  efforts,  but  may  be 


8  EDlNBL'KCiH  GEOLOGICAL  tsOCIETY. 

carried  to  great  distances  by  oceanic  currents.  Hence,  we  can 
readily  understand  the  wide  distribution  of  some  of  the  rooted 
hydroids. 

The  extinct  group  of  Graptolites  certainly  comprised  oceanic 
forms,  in  the  main  at  any  rate,  and  these  also  must  have  been 
subject  to  involuntary  migrations  caused  by  oceanic  currents.  In 
this  way  we  may  explain  the  extremely  extended  range  of  cer- 
tain species  of  Graptolites.  In  addition  to  migrations  of  this 
kind,  we  may  inter  with  great  probability  that  the  embryo 
Graptolite  was  ciliated  and  locomotive,  and  the  dispersal  of  the 
species  would  be  primarily  and  mainly  carried  on  by  the  agency 
of  the  young. 

In  the  great  group  of  the  corals,  the  adult  is  mostly  fixed  ;  but 
the  embryo  is  ciliated  and  locomotive.  In  the  Crinoids,  the 
adult  is  for  the  most  part  fixed,  though  in  some  cases  free  ;  but 
in  all  the  embryo  is  ciliated  and  free-swimming ;  and  we  may 
infer  that  the  same  was  the  case  with  the  extinct  orders  of  the 
Cystoids  and  Blastoids.  In  the  Brittle -stars,  true  Star-fishes,  and 
Sea-urchins,  not  only  is  the  adult  capable  of  movement,  but  the 
young  are  also  locomotive. 

In  the  case  of  the  Tubicolous  Annelides,  the  species  may  be 
dispersed  in  consequence  of  the  tube  being  attached  to  some  other 
animal  which  enjoys  the  power  of  movement,  as  is  commonly 
seen  in  the  attachment  of  the  tubes  of  Spirorhis  or  Soyula  to  the 
shells  of  Crustacea  or  Molluscs.  The  true  source  of  the  dispersal 
of  the  Tuhicola  is,  however,  to  be  found  in  the  fact  that  the 
young  are  free  and  locomotive. 

Most  of  the  Crustacea  are  actively  locomotive  in  their  adult 
condition ;  but  even  in  the  case  of  fixed  groups,  such  as 
the  Barnacles  and  Acorn-shells,  the  young  are  free  swimming. 
With  one  abnormal  exception,  the  Polyzoa  are  universally  routed 
or  fixed  when  adult ;  but  the  embryo  is  free-swimming  and 
ciliated.  As  regards  the  great  and  important  class  of  the 
Bracliiopoda,  the  adult  is  certainly  incapable  of  changing  its 
place,  even  if  the  shell  is  not  absolutely  fixed  to  some  foreign 
object  ;  and  very  little  has  hitherto  been  recorded  as  to  the  condi- 
tion of  the  young.  Ii  is  known,  however,  that  in  some  instances 
the  young  are  locomotive.  I  may  add,  in  this  connection,  that 
I'rofessor  Edward  IMorse  has  pointed  out  that  Lingulcc,  when 
detached  from  their  points  of  attachment,  trail  themselves  over 
the  sea-bottom,  like  worms,  by  means  of  their  cirri ;  and  Principal 
Dawson  suggests  that  they  have  thus  caused  many  of  the  worm- 
likb  markings  of  the  older  rocks.  It  is  not  altogether  imjjossible 
that  Linguh:  should  sometimes  have  migrated  in  this  manner  ; 
but  before  ?..:ccpting  this  theory  we  should  need  an  explanation 
as  to  liow  they  coniu  liberate  themselves  from  their  moorings  to 
begin  with. 
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As  regards  the  Bivalve  and  Univalve  Molluscs  {Lamelli- 
branchiata  and  Gasteropoda),  the  adult  may  be  fixed  or  free  ;  but 
the  young  are  almost  invariably  ciliated  and  locomotive,  the  only 
exception  being  found  in  some  of  the  Univalves  of  fresh  waters. 
One  group  of  Gasteropods,  embracing  such  important  fossil  forms 
as  BcUcrophon,  Maclurea,  and  Cyrtolites,  is  pelagic,  and  its  species 
are,  therefore,  liable  to  be  dispersed  to  great  distances  by  oceanic 
currents  or  persistent  gales  of  wind.  The  Pteropods  are  also 
oceanic,  and,  whilst  actively  locomotive  themselves,  are  subject 
to  similar  causes  of  dispersal.  Finally,  the  Cephalopods  are 
actively  locomotive  in  all  stages  of  their  existence. 

Whilst  the  above  is  a  brief  summary  of  the  methods  in  which 
migration  may  be  effected  in  the  chief  groups  of  marine  in- 
vertebrata,  there  are  some  general  statements  which  may  be 
noted  here — 

1.  Oceanic  currents  necessarily  have  a  great  influence  on  the 
distribution  of  marine  animals,  acting  not  only  upon  pelagic 
species,  but  also  upon  the  locomotive  young  of  littoral  species. 

2.  Under  any  circumstances  there  is  a  probability  that  pelagic 
species  will  have  a  wider  range  than  those  which  are  littoral  in 
their  habits. 

3.  The  littoral  species  are  limited  in  their  distribution,  in  a 
general  way,  by  the  depth  of  water  near  land,  by  the  trend  of  the 
land  itself,  and  by  the  extension  of  the  shore.  Obviously,  for 
instance,  a  species  requiring  a  definite  high  or  low  temperature 
for  its  existence  will  spread  much  further  along  a  shore  running 
east  and  west  than  it  can  along  one  having  a  north  and  south 
direction. 

4.  The  conditions  which  limit  the  range  of  littoral  species  are 
not  stable  and  permanent,  but  vary  much  at  different  periods,  in 
consequence  of  subsidence  or  elevation  of  the  land. 

5.  The  distribution  of  the  pelagic  species  is  mainly  influenced 
by  the  surface-temperature  of  the  water ;  but  it  may  be 
temporarily  or  permanently  affected  by  winds  or  currents. 

6.  Abyssal  or  deep-sea  forms  are  usually  widely  diffused, 
their  range  depending  chiefly  on  temperature,  and  being  in- 
fluenced especially  by  oceanic  currents. 

7.  The  fresh-water  invertebrates  are,  in  the  main,  governed  by 
the  same  laws  in  their  migrations  as  those  which  influence 
marine  forms. 

8.  There  is  a  considerable  probability  that  some  marine  in- 
vertebrata  are  capable  of  adapting  themselves  to  a  gradual 
change  of  the  sea  in  which  they  live  to  iresh  water.  Examples 
of  this  are  seen  in  certain  of  the  Crustacea  of  Lakes  Wener  and 
Wetter  in  Sweden,  and  Lakes  Superior,  Michigan,  and  Ontario  in 
North  America,  which  are  apparently  originally  and  properly 
marine  forms.     Hence,  the  same  species  might  be  found  fossil  in 
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two  different  deposits,  the  one  of  marine,  the  other  of  lacustrine, 
formation. 

I  have  extended  my  remarks  upon  the  migration  of  the 
Invcrtcbrata  to  such  a  length,  that  I  can  simply  allude  to  those 
of  the  Vcrtehrata.  In  any  case,  the  migrations  of  the  vertebrata 
are  a  much  simpler  matter  than  in  the  case  of  the  inferior  groups. 
The  adult  vertebrata  possess  the  power  of  more  or  less  active 
locomotion,  and  their  dispersal  is  mainly,  though  by  no  means 
universally,  effected  by  their  own  voluntary  efforts.  The  ordinary 
motives  which  influence  the  migratory  movements  of  the  verte- 
brata are,  in  the  first  place,  the  all-important  (juestion  of  food. 
They  have  to  go  where  they  can  find  food  of  suitable  quality  and 
quantity.  Hence  the  migrations  which  are  periodically  curried 
on  by  many  birds  and  some  mammals.  Secondly,  the  tempera- 
ture is  a  very  important  determining  cause  of  migration.  Animals 
which  require  a  certain  temperature  for  their  existence  are  often 
compelled,  in  the  temperate  portions  of  the  earth's  surface,  to 
move  northwards  and  southwards  with  the  varying  temperatures 
of  tlie  seasons.  The  grandest  and  most  conspicuous  example 
which  we  have  of  this  is  to  be  found  in  the  migrations  of  the 
mammals  of  the  prffi-Glacial  and  post-Glacial  periods.  Thirdly, 
another  great  cause  may  be  noted  for  the  migrations  of 
vertebrata,  namely  the  necessity  of  providing  a  suitable  birth- 
place for  their  young.  One  of  the  best  examples  we  can  have  of 
this  is  in  the  case  of  the  salmon,  which,  itself  an  inhabitant  of 
salt  water,  migrates  regularly  into  fresh  water  for  the  purpose 
of  depositing  its  ova.  Many  of  the  movements  of  fishes  probably 
depend  upon  a  similar  cause.  lastly,  we  have  cases  in  which 
the  migrations  of  vertebrata  appear  to  be  guided  solely  by 
what,  in  our  ignorance,  we  term  "blind  instinct;"  in  other 
words,  we  can  assign  no  sufficient  motive.  Such  are  the  migra- 
tions of  the  Lemmings. 

There  are  many  other  points  upon  which  I  should  like  to  have 
touched,  if  time  had  permitted  ;  but  I  trust  even  the  above  rude 
sketch  may  suffice  to  indicate  the  assistance  which  the  historical 
geologist  may  expect  to  derive  from  a  study  of  the  migrations  of 
animals.  Xor  is  it  necessary  to  insist  upon  the  fact  that  this 
is  only  one,  and  by  no  means  the  most  striking,  of  the  many 
instances  in  which  the  clue  to  complex  problems  in  geological 
science  has  been  afforded  by  biology.  Everybody,  probably,  is 
now-a-days  prepared  to  willingly  admit  that  the  studies  of  the 
past  and  present  life  of  the  globe  cannot  be  severed  without  the 
most  serious  injury  to  the  progress  of  both,  and  no  one  refuses 
to  recognise  how  e.ssential  to  geology  pure  and  simple  is,  and 
always  has  been,  the  science  of  pakeontology. 
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dd  December  1874. 

D.  Milne  Home,  Esq.,  LL.D.,  President,  in  the  Chair. 

The  following  communicatiou  was  read  : — 

On  Fhcnomena  of  Weather  Action  and  Glaciation  exhibited  by  the 
AljJS  of  Sioitzerland  and  Savoy  ;  being  Notes  of  a  Recent  Tour. 
By  Ealpii  Richardson,  F.li.S.E.,  Mem.  Meteorological  Society 
of  Scotland,  Honorary  Secretary. 

Contents. — Evidences  of  waste.  Swiss  Boulder-clay.  Roches  Moutonnies. 
Nature  of  Glacier  Ice.  Moraine  Lines  on  Glaciers  (with  Litliograph).  Boden 
Glacier  of  Zermatt.  Moraine  Stones.  Glacier  moiilins  and  stracs.  Medial, 
lateral,  and  terminal  Moraines.  Mer  de  Glace  of  Cliamonix.  Shrinkage  of  the 
Glacier  des  Bois,  and  disappearance  of  the  Grotto  of  the  Arveiron.  Professor 
Forbes  and  Dr  Tyndall  on  tlie  Mer  de  Glace  of  Chamonix.  The  "Aiguilles"  of 
Cliamonix.  Complex  character  of  Alpine  Geology.  Three  striking  forms  of 
Alpine  Mountain-Weathering  : — (1.)  Domes  ;  (2.)  Pyramids  ;  and  (3.)  Obelisks. 

"  Every  fresh  district  that  a  geologist  examines  adds  to  his 
store  of  facts,  and  strengthens  his  theoretical  ideas  as  to  the 
origin  of  the  structures  he  observes."  Such  was  a  passage  in 
an  able  article  in  the  "  Quarterly  Magazine  "  for  July  1859,  a  copy 
of  which  I  found  in  the  hotel  on  the  Eggischhorn  in  September 
last, — a  passage  that  may  serve  as  my  excuse  for  presenting 
several  geological  notes  which  I  made  last  autumn  during  a 
short  tour  through  Switzerland  and  Savoy.  In  particular,  I  was 
struck  with  the  phenomena  of  weather  action  exhibited  by  the 
Alps,  and  took  every  opportunity  during  my  stay  of  observing 
and  noting  down  the  more  prominent  features  of  Alpine  con- 
figuration. 

It  is  only  when  we  attain  the  summit  of  some  Alpine  eminence 
that  we  can  adequately  realise  the  importance  of  the  part  played 
by  weather  action  in  bestowing  upon  the  Alps  their  present 
forms.  On  ascending  the  Eggischhorn,  for  instance,  we  gradually 
leave  wooded  and  grass-covered  slopes  to  find  ourselves  travers- 
ing at  last  nothing  but  loose  earth  and  loose  stones ;  and  finally 
discover  that  the  peak  (9G82  feet  above  the  sea)  consists  simply 
of  a  pile  of  great  blocks  over  which  one  must  clamber  for  a  quarter 
of  an  hour  to  reach  the  summit.  From  this  point,  the  Spitze, 
or  peak  of  the  Eggischhorn,  a  magnificent  and  world-renowned 
panorama,  opens  on  every  side. 

From  the  Eggischhorn  I  observed,  sharply  defined  against  the 
cloudless  sky,  peaks  similar  to,  although  on  a  smaller  scale  than, 
the  Matterhorn,  that  wonderful  mountain  pyramid  which  I 
afterwards  saw  at  Zermatt,  of  which  it  is  the  pride  ;  and  although 
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SO  eminent  a  geologist  as  Studer  maintains  that  the  Matterhorn 
has  been  forced  upwards  from  beneath,  and  thus  accounts  for 
its  strange  pointed  shape,  it  seems  to  me  humbly  that  it  is  but 
anotlier  aud  a  greater  illustration  of  that  weather  action  to  which 
all  the  Alpine  peaks  bear  witness,  and  that  its  configuration  is 
due  not  to  subterranean  but  subaerial  agencies.  For  the  theory 
which  I  felt  myself  inclined  and  obliged  to  adopt  to  account  for 
the  outlines  of  the  thousand  Alpine  peaks,  is,  that  they  are 
mainly  due  to  that  Earth-sculpture  of  which  Professors  liamsay 
and  Geikie  have  so  eloquently  spoken  ;  and  that,  although  sub- 
terranean convulsions  did  undoubtedly  originally  occur,  yet,  for  a 
very  long  period,  sufficient  to  impress  upon  the  Alps  all  their 
more  striking  modern  features,  the  quiet  and  gradual  yet  cease- 
less action  of  frost  and  rain,  aud  of  water  in  its  various  forms, 
has  been  the  grand  cause  of  Alpine  configuration. 

Every  mountain  rising  above  the  snow-level  has  one  or  more 
glaciers,  most  of  which  descend  below  that  level.  This  fact  is 
strikingly  illustrated  in  passing  up  the  Nicolai  Thai  from  St 
Xiklaus  to  Zermatt.  This  great  valley  of  erosion,  so  beautiful 
in  itself,  is  enlivened  and  rendered  more  grand  by  a  succession 
of  snowy  peaks,  glaciers,  and  glacier  streams.  On  one  side,  we 
have  the  glaciers  of  the  Brunegg  Horn,  the  "Weisshorn,  the 
Schall  Horn,  and  the  Mettelhorn ;  on  the  other,  those  of  the 
Galenhorn,  Xadelhorn,  and  Dom.  Eoaring  torrents,  of  that 
greenish-white  colour  which  indicates  snow-fed  streams,  from 
the  mighty  Ehine  down  to  the  smallest  Swiss  brook,  descend 
from  each  of  these  glaciers,  their  courses  marked  by  wide-spread 
heaps  of  rocks  and  debris,  whilst  their  fearful  power  and  long 
duration  are  recorded  in  the  deeply  eroded  chasms  from  which 
they  frequently  issue.  Xow,  what  lesson  do  all  those  glaciers 
and  glacier  streams  teach,  but  that  waste  is  for  ever  going  on,  and 
that,  to  the  sounding  roar  of  their  own  glacier  torrents,  the  Alps 
are  gradually  wasting  away  ?  The  blocks,  often  of  huge  propor- 
tions, which  the  frost  has,  like  a  quarryman,  blasted  from  the 
hills  and  which  now  strew  the  dales  ;  the  masses  of  rock  which 
lie  heaped  upon  the  hill-tops  as  if  newly  split  off  and  piled 
together;  the  moraines  which  border,  traverse,  and  terminate  the 
glaciers  ;  and  finally  these  wastes  of  debris  which  mark  the  course 
of  every  glacier  stream, — all  these  phenomena  are  evidences  too 
telling  to  be  doubtful  that  the  element  of  Water  is  at  war  with 
the  Alps,  and  that,  in  spite  of  their  vast  proportions,  they  are 
unquestionably  in  a  state  of  rapid  decay.  Men  have  gauged 
glaciers  and  patiently  measured  for  years  their  silent  but  cease- 
less motion.  Would  it  not  be  possible,  and  perhaps  even  more 
interesting  and  important,  to  measure  for  years  the  heights  of  the 
Alpine  peaks,  with  the  object  of  discovering  how  much  lower 
they  gradually  become,  and  how  much,  from  their   extremely 
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exposed  situation,  they  suffer  from  the  action  of  the  weatlier  ? 
Such  a  field  of  observation  as  this  would  ultimately  unite  with 
that  to  which  Professor  Geikie  and  others  have  given  attention, 
viz.,  as  to  the  amount  of  the  surface  of  the  land  annually  removed 
by  rivers  and  deposited  in  the  sea 

I  had  a  great  desire  to  discover  till  or  boulder  clay  in  Switzer- 
land, and  surveyed  every  section  of  clay  I  met  with  to  observe  if 
it  could  go  under  that  designation.  Most  were  hillside  sections, 
and  although  clay  existed,  I  set  it  down  rather  to  weathering 
than  glacial  action.  Whilst,  then,  I  cannot  say  I  saw  ancient 
till  such  as  we  know  it  in  Scotland,  I  thought  I  repeatedly  saw 
till  in  process  of  formation.  Thus  at  the  magnificent  glacier  of 
the  Ehone,  to  which  I  descended  from  the  Grimsel,  I  observed  a 
fine  greenish-white  clay  beneath  the  glacier  foot  which  was  pre- 
cisely analogous  to  our  till.  At  the  Eoden  Glacier,  or  lower 
portion  of  the  Gorner  Glacier,  however,  near  Zermatt,  a  better 
illustration  occurred  Here  the  glacier  did  not,  like  the  Ehone 
Glacier,  slope  down  unbroken  to  the  level  of  the  valley,  but  pre- 
sented at  its  foot  a  broken  and  precipitous  front.  The  surface  of 
the  Eoden  Glacier  was,  towards  its  termination,  thickly  strewed 
with  blocks,  gravel,  and  sand ;  and  I  picked  out  of  the  glacier  ice 
finely  rounded  and  smoothened  stones,  such  as  this  specimen  of 
the  green-slate  which  forms  the  summit  of  the  Matterhorn  For 
comparison,  I  exhibit  also  a  stone  taken  from  the  Midcalder  till 
the  other  day.  This  assemblage  of  rocks  (mica  schists,  talcose 
schists,  &c.),  gravel,  and  sand  was  deposited  by  the  Eoden  Glacier 
as  it  melted,  and  formed  a  deep  tumultuous  deposit  precisely 
similar  to  our  till. 

Of  the  fact  that  Switzerland  was  once,  like  Scotland,  subject 
very  generally  to  glaciating  agencies,  I  had  many  proofs.  Such 
proofs  are  found  in  the  smoothened  and  striated  surfaces  of  rock 
masses  now  distant  from  the  glaciers.  Roches  vioutonndes  are,  as 
you  are  aware,  I'ocks  which  have  been  polished  by  glacier  action. 
The  finest  specimens  of  these  which  I  saw,  and  I  suppose  as  fine 
as  any  existing,  were  above  theHandeck  falls  between  Aleyringen 
and  the  Grimsel.  I  measured  one  of  these  roches  moutonn6es,  of 
which  I  exhibit  a  diagram,  and  found  it  to  be  20  feet  high  by  60 
feet  long.  They  lie  there  among  the  pine  trees  like  colossal 
snakes,  their  smooth  and  rounded  surfaces  shining  out  of  the 
verdure.  Further  on,  at  a  place  called  the  "  Helle  Platte,"  an 
entire  hillside,  consisting  of  bare  rock,  has  been  smoothened  by 
an  ancient  descending  glacier.  Eut,  independently  of  such 
evidences  comparatively  distant  from  existing  glaciers,  we  find 
that  the  rocks  near  the  present  beds  and  areas  of  glaciers  have 
at  a  more  or  less  remote  period  undergone  polishing  and  striation, 
Gletscherschliff,  as  the  Germans  call  it.  Thus  the  marble  rocks 
near  the  Lower  andLesser  Grindelwald  glacierare  most  beautifully 
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smootbened  and  striated.  I  exhibit  specimens  of  fragments  of 
their  smooth  surfaces.  At  some  distance,  too,  from  the  Boden 
glacier,  the  rocks  bear  the  same  evidences  of  its  passage  over  them 
in  former  days.  The  truth  i.s,  that  of  late  years  all  the  Swiss 
glaciers  have  considerably  shrunk,  and  that  areas  fifty  years  ago 
covered  by 

"  The  glacier's  cold  and  restle-ss  mass," 

are  now  either  wastes  of  debris  or  smiling  meadows.  This  fact 
must  be  borne  in  mind  in  visiting  and  describing  the  glaciers  of 
Switzerland.  As  to  the  reason  of  this  change  in  their  volume,  it 
is  to  be  found  in  the  absence  during  late  years  of  sufficient  falls 
of  snow  during  winter  to  feed  the  glaciers  all  the  year  round. 
In  a  word,  their  "  supplies  "  have  been  greatly  stopped,  yet,  being 
as  prodigal  as  ever  in  summer,  their  size  has  been  steadily 
diminishing.  The  glacier  streams,  already  noted  as  flowing  from 
all  glaciers,  are,  unless  fed  by  earth  springs,  nearly  dry  in  winter, 
a  proof  of  the  influence  of  the  summer  sun  in  melting  the 
glaciers. 

As  to  the  nature  of  glacier  ice,  it  differs  from  ice  formed  upon 
water,  glaciers  being  composed  mainly  of  frozen  snow.  This 
causes  glacier  ice,  when  struck  with  the  hammer,  to  break  into 
loose  lumps,  rather  than  sharp,  angular  pieces  like  ordinary  ice.* 
As  to  that  knotty  question  which  has  of  late  been  unfortunately 
so  hotly  discussed  regarding  the  precise  cause  of  glacier  motion, 
and  the  precise  nature  of  glacier  ice,  I  was  amused  at  the  simple 
way  in  which  an  experienced  Zermatt  guide  (Peter  Summer- 
matter)  settled  the  dispute.  I  asked  him  whether  he  thought  a 
glacier  was,  as  some  maintained,  a  solid  body  ;  or,  as  others  said, 
a  viscous  one.  He  replied  that  he  knew  instances  of  both  kinds 
of  glaciers,  and  stated  that  it  was  impossible  to  lay  down  a 
general  rule ;  indeed  one  and  the  same  glacier  might  at  different 
portions  of  its  course  present  the  phenomena  of  a  solid  and 
viscous  boily.  From  the  granulated  structure  of  glacier  ice 
before  referred  to,  I  should  think  its  elasticity  would  be  increased, 
a  quality  absolutely  required  to  be  possessed  by  ice  both  by  the 
"  viscous  theory "  of  Forbes  and  the  "  pressure  theory  "  of 
TyndalL 

One  of  the  grandest  glacier  views  in  Switzerland  is  from  the 
Gorner  Grat,  a  mountain  rising  10,289  feet  above  the  sea-level, 
and  in  the  immediate  neighbourliood  of  Zermatt.  As  I  remarked 
before,  it  is  from  such  elevated  points  as  this  that  we  can  best 
judge  of  the  truth  of  the  theory  I  have  throughout  advanced 
regarding  the  influence  which  weather  action  has  had  in  impart- 

*  I  observe  that  tliis  "  uraiiulaU-d  structure  "  of  glacier  ice  is  also  rffi-rred  to 
iu  a  jiaper  by  Mr  .1.  A.  l'ict<jn,  F.S.A.,  on  the  "Plienomena  of  GlMcial  Action  in 
Norway,"  read  before  tbe  Liverjiool  Geolnyical  Society  in  December  last.  (Proc 
1874.  f.p.  '27  and  87.) 


7f§fl 


o 

o 

o 

o 

o 


OOOOoorT^^ 


-^^sgygQa^ 


oo 
oo 

^  oo 

"So 


(0         ^'^^^'^vtiTo   oo 


^m^^c 


w 


ON  PHENOMENA  OF  WEATHER  ACTION  AND  OLACIATION.  1 .") 

ing  to  the  Alps  many,  if  not  most,  of  their  ])resent  features. 
Thus  the  Matterhorn,  which  seems  from  Zermatt  to  rise  so 
mysteriously  and  in  so  strange  a  shape,  appears  no  longer  so 
singular  an  object  when  viewed  5000  feet  higher  from  the  Gorner 
Grat.  From  thence  it  is  perceived  to  be  but  one  of  several 
similarly  shaped  surrounding  mountains,  such  as  the  Gabelhorn, 
Eothhorn,  and  especially  the  Weisshoru.  We  are  tlierefore  led 
to  the  conclusion  that  all  these  great  mountains  owe  their  simi- 
larity in  shape  simply  to  their  having  weathered  in  the  same 
striking  pyramidal  and  peaked  manner.  Not  so  those  on  the 
other  side  of  the  panorama  from  the  Gorner  Grat.  The 
celebrated  Monte  Rosa,  the  Lyskamm,  and  the  Breithorn  weather 
differently,  and  have  rounded  or  dome-shaped,  and  not  peaked, 
summits. 

It  is  likewise  from  such  a  point  as  the  Gorner  Grat  that  we 
grasp  the  principles  and  theory  of  moraines.  I  exhibit  a  sketch 
(i^^idc  lithograph)  of  the  moraines  of  the  great  Gorner  Glacier 
which  T  made  on  the  summit  of  the  Gorner  Grat.  You  will 
observe  how  every  rock-mass  in  situ  abutting  on  or  emerging 
from  the  glacier  adds  its  rocky  stream,  and  how  these  streams 
unite  as  they  descend.  What  more  speaking  evidence  of  the 
decay  of  the  Alps  could  be  furnished  than  by  tliese  moraines  ? 
Uo  we  not  here  see  how  the  frost  and  the  glacier  action  have  split 
away  and  eroded  the  rocks,  and  do  we  not  here  behold  the  glacier 
bearing  them  off  downwards  until  at  last  they  are  cast  headlong 
upon  the  plain  ? 

We  must  go  to  the  glacier  itself  to  read  the  full  story. 
Accompanied  by  a  guide  (as  is  absolutely  necessary),  who 
frequently  had  to  cut  steps  in  the  ice  to  allow  us  to  proceed,  I 
walked  for  an  hour  down  the  lowest  portion  of  the  Gorner 
Glacier,  called  the  Boden  Glacier,  extending  from  the  base  of  the 
Eiflelhorn  to  the  terminal  moraine  at  the  source  of  the  Visp.  To 
reach  the  glacier  we  had  to  cross  a  lateral  moraine,  and  to  leave 
it  a  terminal  moraine,  the  ice  of  the  glacier  in  both  cases  standing 
high  above  the  moraines.  Where  hist  we  joined  it,  the  surface 
of  the  glacier  was  of  a  pure  white  colour  with  scarcely  any  stones 
upon  it ;  but,  as  we  descended,  the  number  of  pebbles,  stones,  and 
rocks  grew  greater  and  greater,  until  at  some  places  near  the  ter- 
mination of  tl;e  glacier  they  entirely  and  thickly  covered 
its  surface.  I  may  remark,  that  the  shape  of  moraine  stones  is 
not  round  but  flat,  and  that  they  are  of  all  sizes.  The  lounding 
of  stones  by  glaciers  can  be  accounted  for  only  in  three  ways  :■ — ■ 
1st,  By  direct  glacier  action,  z.c,  by  the  glacier  mass  moving  over 
them  and  pressing  them  against  a  hard  substance  such  as  the 
glacier's  rocky  bed;  2d,  by  the  action  of  the  water  which  flows 
upon  or  beneath  the  glacier.  Water  flows  l^oth  on  the  surface 
of  the  glacier  and  beneath  it,  the  heat  of  the  sun  being  the  cause. 
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as  is  sliowu  by  the  surface  water  ceasing  when  frost  sets  in,  and 
the  glacier  streams  becoming  much  smaller  in  winter.  But  3dly, 
to  the  action  of  the  glacier  moulins  the  chief  rounding  process 
must,  I  think,  be  ascribed.  A  moulin,  literally  "  a  mill,"  is  the 
term  applied  to  holes  (often  of  immense  depth)  which  occur  in  a 
glacier  and  into  which  one  or  more  of  its  surface  streams  precipi- 
tate themselves.  Stones  likewise  fall  into  these  moulins,  and  by 
the  action  of  the  water  become  smooth  and  round.  Small  moulins 
are  frequent  on  glaciers.  We  came  upon  a  very  large  one  in 
descending  the  Boden  Glacier.  It  had  the  appearance  of  a  great 
cavern  on  the  glacier's  surface.  A  pproaching  it  carefully,  my  guide 
hurled  a  large  stone  into  its  gaping  mouth.  For  several  seconds 
we  heard  nothing,  and  then  followed,  from  several  hundred  feet 
below  us,  the  deep  echoing  sound  of  the  stone  thundering  from 
the  bottom  of  the  abyss.  At  another  moulin  I  heard  a  noise  as 
of  a  horse  galloping,  and  yet  it  was  only  the  water  rumbling  into 
the  moulin  depths.  To  explain  these  surface  streams,  it  should  be 
stated  that,  so  long  as  the  sun  is  shining  upon  it,  the  glacier  is  in 
a  melting  state.  The  surface  is  tlien  soft,  and  we  tread  safely 
and  surely  upon  it.  Standing  still,  we  hear  a  sound  similar  to 
that  with  which  we  are  all  familiar  when  standing  on  the  tangle- 
covered  rocks  of  a  seabeach  at  low  water.  We  listen,  upon  the 
glacier,  to  the  snowy  ice  of  its  surface  becoming  slowly  dis- 
integrated and  converted  into  water,  and  to  its  shining  prisms 
falling  one  by  one  into  liquidity.  Here  and  there,  as  we  pass 
some  crevasse  or  moulin,  we  catch  a  glimpse  of  the  beautiful 
blue  colour  of  the  glacier  ice  as  the  sun's  rays  gleam  behind  the 
ice-mass  and  render  it  translucent.  To  enable  tourists  to  observe 
this  striking  phenomenon  more  perfectly,  artificial  grottoes  have 
been  cut  in  several  glaciers,  such  as  those  of  the  Grindelwald, 
and  the  Glacier  des  Bossons,  near  Chamonix. 

The  form  of  the  Gorner  Glacier  (including  the  Boden  Glacier) 
resembles  that  of  the  Ehone  in  so  far  that,  in  the  centre  of  both, 
occurs  a  steep  acclivity  from  which  the  lower  half  of  the  glacier 
sweeps  into  the  valley.  In  this  latter  portion  of  the  Gorner 
Glacier,  viz.,  the  Boden  Glacier,  two  moraines,  distinctly  seen 
owing  to  their  colour,  may  be  observed.  The  one,  of  a  red 
colour,  proceeds  from  Monte  Itosa  ;  the  other,  of  a  black  colour, 
from  St  Theodul.  Peaked  waves  or  hillocks  of  ice,  called  sdrncs, 
{Gcr.  seraggen),  occur  in  the  middle  of  the  Boden  Glacier,  and  im- 
])art  to  it  a  variety  and  beauty  which  cannot  fail  to  be  admired 
either  near  or  at  a  distance.  This  part  of  the  glacier  is  truly 
called  the  "  Mer  de  Glace,"  presenting  as  it  does  the  appearance 
of  a  stormy  sea  which  had  by  some  sudden  enchantment  been  con- 
verted into  ice.  At  the  same  time,  this  is  the  most  diflicult  and 
dangerous  portion  of  the  glacier  for  travellers,  who,  if  they 
possibly  can,  should  beware  entering  upon  it.     1  exhibit  on  a 
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diagram  the  sectional  outlines  of  three  great  Swiss  glaciers,  viz. : 
the  Ehone  Glaciei-,  the  Gorner  and  Boden  Glacier,  and  the  Mer 
de  Glace  and  Glacier  des  Bois  of  Chamonix,  so  as  to  show  the 
position  of  the  leading  fields  of  sSracs  in  each,  and  the  mode  in 
which  each  glacier  descends, 

The  subject  of  3Ioraincs  remains  to  be  considered  more 
minutely  in  describing  the  superficial  phenomena  of  glaciers. 
Moraines  have,  as  you  are  aware,  been  divided  into  three  kinds — 
medial,  lateral,  and  terminal — from  the  positions  on  the  glacier 
which  they  severally  occupy.  This  division,  though  rude,  is 
sufficient  to  describe  them  in  a  general  way.  Each  rock-mass 
•occurring  in  situ  on  a  glacier  gives  rise  to  three  moraines,  two 
flanking  the  rock  on  each  side  and  one  departing  from  it  and 
proceeding  down  the  glacier.  In  this  manner,  rocks  and  stones 
from  the  very  top  of  a  glacier  are  borne  downward  to  the  bottom 
often  many  miles  distant;  and  we  must  keep  this  fact  of  the 
moraine  carriage  of  stones  in  mind  in  connection  with  the  stones, 
often  foreign  to  the  immediate  locality,  which  are  found  in  our 
own  Scottish  till.  As  already  stated,  a  glacier's  terminal 
moraine  consists  of  a  confused  gathering  of  stones  which  have 
descended  the  glacier  from  its  remotest  extremities.  A  common 
feature  upon  great  glaciers,  such  as  the  Grosser  Aletsch  and 
others,  is  two  firmly  drawn  lines  of  moraines  in  the  centre  of  the 
glacier  with  stones  strewed  about,  the  whole  presenting  the 
appearance  from  a  distance,  or  if  photographed,  exactly  (as  I 
heard  a  tourist  remark)  as  if  a  great  muck  cart  had  been  driven 
slowly  down  the  glacier.  As  the  lithograph  opposite  p.  15 
shows,  the  Gorner  Glacier  presents  the  same  phenomenon.  The 
number  of  moraines  on  a  glacier  also  depends  upon  its  configura- 
tion. Thus,  on  the  Gorner  Glacier  above  the  Eiffelhorn,  nume- 
rous moraines  descend,  as  shown  in  the  lithograph  already 
described  ;  but,  at  the  Eiftelhorn,  the  glacier  suddenly  sweeps 
down  at  a  considerable  angle,  and  on  its  lower  portion  (the  Boden 
Glacier)  we  can  find  only  four  well-marked  moraines,  two  lateral 
and  two  medial.  The  greatest  moraines  of  a  glacier  are  its  lateral 
and  terminal  moraines.  The  former  are  composed  of  the  rocks 
actually  eroded  or  fallen  from  the  rock  masses  which  hem  in  the 
glacier  on  either  side.  The  terminal  moraine  is  the  grand 
accumulation  of  rocks,  stones,  and  rubbish  deposited  at  the 
glacier  foot  by  the  motion  of  the  glacier.  Especially  of  late 
years,  when  the  Swiss  glaciers  have  so  much  shrunk  in 
dimensions,  are  those  lateral  and  terminal  moraines  laid  bare, 
and,  in  the  case  of  great  glaciers,  interpose  a  formidable  barrier 
to  travellers  desiring  to  ascend  to  or  descend  from  the  glacier  ice. 
The  glacier  rests  upon  its  lateral  moraines  when  in  a  shrunk 
state,  and  we  have  then  to  climb  up  to  it  from  them.  So  also 
the  descent  is  troublesome.     In  the  case  of  the  Boden  glacier, 
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my  guide  (Peter  Summermatter)  had  to  cut  no  fewer  than  four- 
teen steps  in  the  ice  with  his  ice-axe  to  enable  us  to  leave  the 
glacier  and  descend  upon  its  lateral  moraine.  The  moraine 
here  must  have  been  fully  14  feet  beneath  the  surface  of  the 
glacier.  The  terminal  moraines  of  a  glacier  also  occur  consider- 
ably below  the  level  of  its  surface.  On  the  other  hand,  medial 
moraines  repose  upon  the  surface  of  the  glacier  instead  of  the 
glacier  resting  upon  them  as  in  the  case  of  the  others.  In  short, 
whilst  a  glacier  may  be  said  to  rest  upon  its  lateral  and  terminal 
moraines,  the  medial  moraines  rest  upon  the  glacier. 

Leaving  the  Zermatt  district,  I  turn  now  to  a  more  classic 
one,  that  of  Chamonix.  It  ought  to  be  with  reverence  and  pride 
that  a  Scotsman,  and  especially  an  Edinburgh  man,  approaches 
the  Mer  dc  Glace  of  Chamonix.  To  the  study  of  this  renowned 
Sea  of  Ice,  and  to  learn  the  principles  of  glacier  action,  our  great 
Professor  Forbes*  devoted  the  best  years  and  labour  of  his  life, 
and  wrote  his  name  more  indelibly  in  Alpine  history  than  did 
Napoleon  his  when  he  carved  it  upon  the  granite  of  the  Alps  he 
had  conquered.  Still,  our  first  impressions  of  the  wonder  of 
Chamonix  must  necessarily  be  disappointing.  "We  had  probably 
expected  to  witness  a  grand  glacier  display, — a  magnificent  sheet 
of  ice  sweeping  down  with  snow-white  splendour  to  the  plain, 
like  "  a  gigantic  waterfall  suddenly  arrested  in  its  career  by  the 
icy  hand  of  some  Alpine  enchanter."  Such  is  the  Glacier  of  the 
Rhone  ;  such,  to  a  lesser  extent,  are  the  Grindelwald  and  Boden 
glaciers,  and  the  Glaciers  des  Bossons  and  d'Argentiere.  On  the 
contrary,  from  the  valley  of  Chamonix,  whatever  may  have  been 
seen  in  ancient  days,  one  sees  nothing  now  of  its  famous  Mer  de 
Glace.  Perched  in  its  lofty  rocky  cradle,  it  remains  hidden  from 
the  sight  of  those  in  the  valley ;  the  little  river  Arveiron  issuing 
from  the  rocks  beneath  being  the  only  sign  of  its  existence.  I 
was  surprised  at  this,  and  determined  to  discover  the  cause  of 
the  absence  of  glacier  display.  I  therefore  followed  the  river 
Arveiron  upwards  from  Chamonix  to  its  source,  and  there,  at 
the  foot  of  the  Mer  de  Glace,  I  solved  the  difficulty  to  my  satis- 
faction. I  found  that  although  evidences  appeared  everywhere 
around  of  a  huge  glacier  having  once  occupied  the  ground 
adjacent  to  the  source  of  the  Arveiron,  a  glacier  which  must  have 
formed  a  conspicuous  object  from  the  vale  of  Chamonix,'yet  now 
that  great  glacier  was  gone,  and  only  the  hollow  bed  it  occupied 
was  left  to  view.  For  about  a  mile  the  little  river  pursued  its 
course  over  ground  which  was  once  covered  by  a  glacier.  All 
that  remained,  however,  of  that  glacier  was  a  small  tongue  of  ice 
from  beneath  which  the  river  issued.  For  perhaps  half  a  mile  of 
its  course  the  Arveiron  flowed  through  masses  of  old  moraine 

•See  his  "Life  and  Letters,"  by  Principal  Shairp,  Professor  Tait,  and  Mr 
Adams  Reilly.     London,  1873. 
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debris  (white  granite),  whilst  on  either  side,  at  a  considerable 
distance,  stood,  all  gaunt  and  bare,  the  lofty  walls  which  had  once 
imprisoned  the  glacier. 

I  had  taken  with  me  from  Edinburgh  a  "  Map  "  (which  I 
exhibit)  "  of  the  Mer  de  Glace  of  Chamouni  and  of  the  Adjoining 
District  from  an  Actual  Survey  in  1842-4-6  and  1850,  by  Pro- 
fessor James  D.  Forbes,"  reduced  from  Forbes's  large  map 
appended  to  his  "  Travels  in  the  Alps  of  Savoy,"  and  added  to  by 
Dr  Augustus  Petermann,  and  published  in  1855  by  my  relatives 
Messrs  A.  &  C.  Black  of  this  city,  who  had  kindly  given  me  this 
copy.  On  that  map,  the  lower  portion  of  the  Mer  de  Glace,  the 
Glacier  des  Bois,  is  coloured  as  existing  fully  half  a  mile  further 
down  than  it  now  is  found.  I  was  also  interested  to  find  in  a 
"  Guide  du  Voyageur  aux  Glaciers  de  Chamouni,"  published  at 
Geneva  in  1828,  a  glowing  description  of  an  immense  cavern  or 
grotto  of  ice  from  which  the  Arveiron  then  issued.  A  steel 
engraving  was  also  given.  "  This  vault  of  a  sky-blue  colour," 
said  the  old  guide-book,  "  rises  to  a  height  of  about  100  feet ;  and 
the  spectacle  of  the  Arveiron  rushing  foaming  from  beneath  it 
fills  the  mind  with  surprise.  We  are  awe-struck  at  the  sight  of 
the  dome  of  this  crevassed  vault,  above  which  are  blocks  of  ice 
and  rock-masses  on  the  point  of  falling."  Alas  !  this  famous 
grotto  is  a  thing  of  the  past.  It  has  melted  and  fallen  away;  and 
the  Arveiron  now  issues  from  a  little,  uninteresting,  glacier- foot 
or  snout,  the  shrunk  remnant  of  that  once  glorious^cavern — that 
"spectacle  auguste,"  to  which  Cambray  and  others  refer  with 
enthusiasm.  I  was  informed  by  my  guide  at  Cbamonix  that 
this  cavern  or  grotto  existed  only  five  years  ago ;  so  that  we  may 
form  an  idea  of  the  rapidity  of  the  reduction  which  the  Glacier 
des  Bois  has  undergone.  I  observe  in  Professor  Tyndall's  recent 
interesting  hand-book  on  "  The  Forms  of  Water, "  that  he  describes 
the  interior  of  the  cavern  at  the  source  of  the  Arveiron,  in  1859, 
as  "  bathed  by  blue  light.  The  strange  beauty  of  the  place 
suggested  magic,  and  put  me  in  mind  of  stories  about  fairy  caves 
which  I  had  read  when  a  boy."  He  acknowledges,  however,  in 
his  preface  written  in  1872,  or  thirteen  years  later,  that  when  he 
visited  Chamonix  during  that  year  he  found  that  the  vault  of 
the  Arveiron  had  "  dwindled  considerably."  Now,  as  I  have 
already  stated,  it  has  almost  altogether  disappeared. 

The  melting  and  disappearance  of  the  lower  half  of  the  Glacier 
des  Bois,  including  the  vault  of  the  Arveiron,  has  in  one  sense 
been  a  gain.  It  enables  us  to  see  the  inner  and  underground 
workings  of  a  glacier,  standing  as  we  do  in  its  rocky  bed  and 
observing  the  stony  skeleton  that  once  supported  the  glacier's 
icy  mass.  The  immense  depths  of  glaciers  may  here  be  gauged 
and  surveyed.  The  old  glacier  must  have  been  several  hundred 
feet  thick,  judging  by  the  height  of  the  dark  cliffs  which  rise  on 


20  EDINBURGH  GEOLOGICAL  SOCIETY. 

either  side  and  which  once  contained  it.  How  one  might  muse 
here  on  the  vicissitudes  of  the  past ! — on  the  vast  glacier  which 
once  swept  down  to  the  valley,  with  its  seracs,  and  nioulins, 
and  moraines, — with  its  hundred  signs  of  life  (for  there  is  life 
about  a  glacier),  in  its  dancing  glacier  streams,  and  rumbling 
moulins,  and  in  its  own  ceaseless  daily  motion.  And  then  the 
beautiful  blue-tinted  cavern  of  the  Arveiron  at  its  foot, — the 
wonder  of  Chamonix,  the  admiration  of  all,  learned  or  unlearned, 
Alas  !  now  we  see  not  a  vestige  of  that  once  famous  cavern, 
nothing  of  that  grand  effect  of  nature  but  these  scarred  cliffs, 
these  mounds  of  granite  rocks  and  debris,  and  that  brattling 
stream ;  and  we  can  scarcely  bring  ourselves  to  believe  that  it 
once  existed,  or  that  one  glory  of  the  earth  has  so  quickly  passed 
away. 

So  much  for  the  aspect  of  the  ground  once  occupied  by  the 
lower  portion  of  the  Glacier  des  Bois,  viewed  from  the  source  Df 
the  Arveiron,  3G67  feet  above  the  sea.  Ascending  3000  feet 
higher  to  the  Montanvert,  we  behold  at  last  the  famous  Mer  de 
Glace.  AVe  see  it  lying  at  our  feet ;  and  if  ever  the  shade  of 
Forbes  revisits  the  scene  of  his  laboui-s  it  must  mourn  over  the 
shrunk  state  of  this  great  glacier.  Professor  Tyndall,  in  the 
preface  already  alluded  to,  also  comments  upon  the  changed 
aspect  of  the  Mer  de  Glace.  "  It  exhibited,"  he  says  in  1872, 
"  in  a  striking  degree  that  excess  of  consumption  over  supply 
which,  if  continued,  will  eventually  reduce  the  Swiss  glaciers  to 
the  mere  spectres  of  their  former  selves."  Writing  apparently 
in  1865  or  so,  he  remarks  that  "for  the  last  fifteen  or  sixteen 
years  the  glaciers  of  the  Alps  have  been  steadily  shrinking ;  so 
that  it  is  no  uncommon  thing  to  see  the  marginal  rocks  laid  bare 
for  a  height  of  50,  60,  80,  or  even  100  feet  above  the  present 
glacier  ("  Forms  of  Water, "  p.  145).  With  regard  to  the  traces  of 
ancient  and  now  vanished  glaciers,  they  may  be  found  near  the 
Grimsel  at  "  a  height  of  2000  feet  above  the  present  valley  bed  " 
{Ihid,  p.  146).  One  can  see  distinctly  the  immense  basin  the 
Mer  de  Glace  of  Chamonix  once  occupied,  and  can  note  how 
shrunk  the  giant  has  become.  jNIy  guide  informed  me  that  only 
twelve  years  ago  the  Mer  de  Glace  stretched  from  side  to  side 
Avith  a  volume  of  ice  and  to  a  height  wliich  I  should  think  must 
have  rendered  it  doubly  imposing  compared  with  its  aspect  to- 
day. Noiu  certainly  it  is  still  a  grand  spectacle  and  a  worthy 
object  to  visit  and  admire,  but  ihcn — in  those  early  days  of  De 
Saussure,  Boidier,  IJendu,  Agassiz,  and  Forbes — how  very  much 
grander  and  how  magnificent  it  must  have  been  !  Then  its  long 
-waves  of  ice  rolled  from  shore  to  shore,  vow  the  Mer  de  Glace  is 
at  low  ebb,  and  great  cliffs  and  moraines  stand  where  its  ice  once 
stretched.  The  tide  has  gone  out,  perhaps  never  to  return. 
The  surface  of  the  ice  of  the  ISIer  de  Glace  is  divided  length- 
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wise  into  two  distinct  halves,  one  of  which,  the  western,  is  of  a 
white  hue  at  a  distance,  but  is  found  to  be  thickly  pitted  with 
earth  and  gravel  when  examined  closely  ;  whilst  the  colour  of 
the  other  half  is  black,  it  being  completely  covered  by  moraine 
debris.  This  debris  comes  down  the  Mer  de  Glace  from  the  three 
glaciers  which  feed  it,  viz.,  de  Talefre,  de  Lechaud,  and  du  Geant. 
White  granite  and  gneiss  seemed  to  be  the  chief  components  of 
the  moraine  mounds  ;  and  I  may  remark,  that  it  was  from  the 
granite  boulders  from  the  Mont  Blanc  district,  found  near  the 
Lake  of  Neuchatel,  that  evidence  of  great  importance  was 
obtained  of  the  extension  of  the  glaciers  of  Switzerland  in 
ancient  times.  The  Fierrc  a  Bot,  the  most  famous  of  these 
erratics,  has  been  described  and  figured  by  Lyell.  The  celebrated 
"  blocks  of  Monthey,"  in  the  valley  of  the  Rhone,  are  supposed 
to  have  been  stranded  by  another  great  glacier  descending  that 
valley  towards  the  Lake  of  Geneva.  With  regard  to  the  appear- 
ance of  the  surface  of  the  two  sides  of  the  Mer  de  Glace  already 
noted,  Professor  Tyndall  has  shown,  in  his  instructive  book 
before  cited,  that  the  eastern  side  of  the  Mer  de  Glace  moves 
more  quickly  than  the  western  between  Montanvert  and  the 
Chapeau,  the  place  where  tourists  usually  cross.  Whilst  the 
eastern  side  there  moves  in  summer  from  20  to  34  inches  per 
day,  the  western  moves  from  9  to  28  inches  only.  In  winter,  the 
rate  of  motion  is  about  half  that  of  summer. 

As  I  mentioned  before,  I  had  Forbes'  beautiful  map  of  the 
Mer  de  Glace  with  me,  but  my  endeavour  to  follow  the  four  lines 
of  moraines  designed  upon  it  proved  unsuccessful.  It  seemed  to 
me  that,  whatever  number  of  distinct  moraine-lines  stretched 
down  the  Mer  de  Glace  in  1850,  only  one  confused  mass  of 
moraine  debris  covers  the  one-half  of  its  surface  now,  viz.,  the 
eastern  side.  I  also  was  unable  to  make  out  the  famous  dirt- 
hands  of  the  Mer  de  Glace,  first  observed  by  Forbes  in  1842,  and 
which  are  laid  down  in  his  map  and  in  those  of  Professor 
Tyndall's  book,  the  glacier  mass  seeming  to  me  to  descend  with 
great  irregularity  and  without  any  decided  lines  traversing  its 
breadth.  The  maps  accompanying  Professor  Tyndall's  descrip- 
tions of  the  Mer  de  Glace  tally  with  Forbes'  map,  but  they  were 
apparently  drawn  between  1857  and  1859,  and  it  is  since  then 
that  the  Mer  de  Glace  has  shrunk  into  its  present  reduced 
volume.  I  suspect  the  vicissitudes  it  has  undergone  may  have 
obliterated  some  of  its  once  familiar  superficial  phenomena, 
although  of  course,  as  you  are  aware,  the  dirt-hands  are  by  no 
means  very  apparent  in  all  lights  and  from  all  positions,  and 
caught  Forbes'  eye  quite  accidentally,  as  he  has  recorded  in  a 
celebrated  and  beautiful  passage  in  his  great  work  "  Travels  in 
the  Alps  of  Savoy."  (Also  in  article  "  Glacier, "  by  Forbes,  in 
the  "  Encyclopsedia  Britannica"). 
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Amonj^  the  most  striking  features  in  the  landscape  around 
Chamonix  are  a  series  of  lofty  mountains  having  stony  and  very 
much  serrated  summits,  from  ^yhich  they  are  termed,  not 
inappropriately,  Aif/uil/cs,  or  "  needles,"  or  spires.  The 
"  Needles  "  of  the  Isle  of  Wight  similarly  derive  their  name  from 
their  bare,  pointed  appearance.  Specimens  of  the  Aiguilles  of 
the  Chamonix  district  are  well  seen  on  approaching  Chamonix 
from  theTete  Noir  shortly  after  entering  Savoy  and  passing  from 
Switzerland  into  France.  Other  instances  are  also  seen  to 
advantage  in  descending  from  the  Chapeau  at  the  Mer  da  Glace. 
In  the  former  case,  they  rise  towering  above  the  pine-clad  valley, 
their  long,  stony  peaks,  pink-hued,  giving  a  weird  grandeur  to 
the  beautiful  scene.  In  the  latter  case,  the  famous  Mer  de 
Glace  seems  to  issue,  an  icy  torrent,  from  between  two  imposing 
obelisks, — the  Aiguille  du  Dru,  12,245  feet  high,  on  the  north  ; 
and  the  Aiguille  de  Charmoz,  10,943  feet  high,  on  the  south.  The 
higher  portions  of  the  aiguille  mountains  have  either  been  broken 
into  tall,  bare,  obelisk-shaped  pieces  of  rock,  or  serrated  fantasti- 
cally into  endless  sharply-pointed  pinnacles. 

The  base  rocks  of  the  Chamonix  district  are  gneiss  and  granite, 
which  range  largely  through  Switzerland.  They  frequently  pass 
into  j)roto(jine,  which  contains  talc  in  addition  to  the  other  com- 
ponents of  granite.  The  Aiguilles,  however,  appear  to  be  also 
composed  of  limestones  and  schists.  As  to  the  stratification 
of  these  and  other  aqueous  Alpine  rocks,  it  is  of  the  most 
irregular  and  contorted  description.  It  is  evident  that  the 
Alpine  rocks  have  been  chiefly  deposited  by  water,  but  it  is 
also  as  evident  that  these  rocks  have  undergone  the  greatest  con- 
vulsions and  contortions.  The  Alps  have  furnished  a  most  com- 
plex problem  to  Swiss  geologists,  and  to  this  day  they  are 
engaged  in  solving  it.*  But  irrespective  of  the  nature,  dip,  or 
stratification  of  the  rocks  of  which  they  are  composed,  the  Alps 
have  been  carved  out  of  them  and  rise  in  the  striking  forms  of 
domes,  pyramids,  or  obelisks,  or  serrated  ridges,  over  a  vast  extent 
of  country.  It  is  plain  that  no  peculiarity  in  the  structure 
or  composition  of  Alpine  rock-masses  has  saved  them  from  the 
action  of  the  weather, — the  hard  granite  has  yielded  as  well  as 
the  softer  limestone, — and  whether  by  frost  or  rain,  or  glaciers 
or  torrents,  the  rocks  which  compose  the  Alps  have  been  slowly 
but  surely  wasted  away. 

The  configuration  of  such  singular  mountains  as  the  Aiguilles 
is  due,  like  that  of  the  Matterhorn  and  Breithorn,  to  the  action 
of  the  weather,  and  to  the  mode  in  M'hich  the  rocks  of  which  they 

•  The  English  reader  may  he  referred  to  the  article  on  the  Geology  of  the 
Alp.s,  hy  M.  Desor  of  Ncmhatel,  prefixed  to  Mr  Ball's  "Guide  to  the  Western 
Alps"  186.3;  and  to  the  Geological  article  prefixed  to  Baedeker's  "Switzerland," 
4th  (English)  edition,  1869. 
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are  composed  disintegrate  under  its  influence.  The  rules  of  that 
disintegration  are  still  unknown,  the  mysteries  of  Earth-sculpture 
are  still  unrevealed.  We  may  note,  however,  among  the  Alps 
three  of  the  more  striking  and  peculiar  modes  of  Mountain- 
weathering,  however  vaguely  we  may  speculate  as  to  the  cause  of 
their  difference.  We  have — 1st,  dome-shaped  mountains,  such  as 
Monte  Eosa,  Lyskamm,  the  Breithorn,  and  I  may  add  tlie  Dome 
du  Goute,  close  to  Mont  Blanc  ;  2d,  ijyramid-shcvjjed  mountains, 
such  as  the  Matterhorn  and  Weisshorn ;  and  3d,  ohelisk-shcvped 
and  serrated  mountains,  such  as  the  Aiguilles  of  Chamonix.  I 
exhibit  a  diagram  illustrative  of  these  three  leading  kinds  of 
Mountain-weathering  observable  in  the  Alps  of  Switzerland 
and  Savoy.  It  seems  to  me  that  it  is  weather  action  which  has 
given  to  these  eminences  the  more  prominent  features  they 
present  to-day,  whatever  influence  in  the  comparatively  distant 
past  convulsions,  upheavals,  or  subsidences  may  have  had  in 
placing  the  rock  mass  in  position  so  as  to  admit  of  its  becoming 
so  weathered.  Such  convulsions  or  oscillations  of  the  earth's 
surface  may  be  said  to  have  placed  the  rude  block  beneath  the 
sculptor's  chisel ;  but  it  is  to  the  grand  sculptor,  the  weather, 
that  we  are  indebted  for  beholding  to-day  that  rude  block  rounded 
into  a  dome-shaped  hill,  fashioned  into  a  pyramid,  or  fractured 
into  an  obelisk.  At  the  same  time,  the  sculptor  has  worked 
irregularly.  Dome-shaped  hills,  pyramidal  hills,  and  obelisk- 
shaped  and  serrated  hills  frequently  occur  together  and  even  in 
close  proximity.  There  seems  to  be  no  rule  for  such  weathering 
either  as  regards  the  nature  of  the  rock  or  its  exposure  to  the 
weather.  The  problem  of  weathering  or  earth-sculpture  has  yet 
to  be  solved,  and  we  can  at  present  only  regard  it  with  wonder. 
We  may  some  day  find  out  why  one  mountain  has  assumed  one 
shape  and  why  another  has  a  different  form.  As  yet,  however, 
whether  we  behold  among  the  Alps  or  elsewhere  noble  mountain 
after  mountain  lifting  its  lofty  head  to  the  sky,  we  may  speculate 
and  observe,  and  we  may  enjoy  the  pleasure  of  the  pursuit  of 
those  principles  according  to  which  these  grand  objects  of  Nature 
have  derived  their  present  imposing  and  beautiful  forms  ;  but  as 
to  laying  down  any  definite  rides,  it  appears  to  me  that  our 
science  has  not  yet  advanced  sufficiently  far,  and  that  it  will  only 
be  after  long  and  patient  observations  that  we  can  hope  to 
understand  the  mysterious  agent  which  at  present  seems  to 
address  us  in  the  thrilling  language  given  by  the  author  of 
"  Manfred  "  to  the  "  Spmt  of  the  Alps  : " 

I  am  the  spirit  of  the  place, 
Could  make  the  mountain  bow 
And  quiver  to  his  cavern'd  base — 
And  what  \vith  me  wouldst  Thoii,  ? 
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1th  January  1875. 

Dr.  Eamsay  H.  Tkaquair,  Vice-President,  in  the  Chair. 

The  following  Communication  was  read: — 

Oil  the  Wardie  and  Granton  series  of  Sandstones  and  Shales. 
By  John  Henderson. 

The  series  of  rocks  comprising  what  are  known  as  the  Wardie 
Shales  and  Granton  Sandstones  have  long  been  familiar  to 
geologists.  Even  before  any  attempt  had  been  made  to  describe 
tliem  stratigraphically — and  indeed  very  little  has  yet  been  done 
in  this  direction  by  any  of  our  local  geologists — the  attention  of 
geologists  had  been  directed  to  themfiom  the  interesting  charac- 
ter of  tlieir  organic  remains. 

]\laclaren,  in  his  admirable  work,  "  The  Geology  of  Fife  and  the 
Lothians,"  only  notices  them  in  one  or  two  general  sections 
across  the  district ;  nor  can  we  expect  much  local  detail  in  a 
work  wdiich  embraces  the  geology  of  so  large  an  extent  of  country. 
The  first  attempt  to  connect  the  strata  of  the  district  by  tracing 
their  course  inland  is  to  be  found  in  the  "  Memoir  of  the  Geological 
Survey  of  the  Neighbourhood  of  Edinburgh,"  sheet  32,  by  Messrs 
Howell  and  Geikie  ;  but  it  is  evident  the  same  remark  applies  to 
this  work  as  to  Maclaren's,  namely,  that  the  limited  space  at 
their  command  did  not  admit  of  a  more  detailed  description  of 
the  beds.  Nor  can  we  find  fault  with  this,  provided  the  descrip- 
tion is  in  the  main  correct. 

In  dealing  with  these  rocks,  I  shall  begin  by  describing  a 
series  of  transverse  sections  of  the  district,  and  by  tracing  the 
beds  inland,  attempt  to  connect  the  different  sections,  and  show 
the  relation  of  the  whole  series  from  bottom  to  top.  Beginning 
M'ith  the  north  end  of  the  district,  along  tlie  shore  from  Granton 
quarry  on  the  west  to  near  the  chain  pier  at  Trinity  on  the  east, 
a  distance  of  about  two  miles  (see  Map  and  Section  No  1),  we  have 
a  nearly  continuous  section  exposed.  At  Granton  quarry  the 
sandstone  beds  scarcely  reach  the  surface,  and  are  covered  by  a 
considerable  thickness  of  black  shale,  which  seems  to  arch  over 
the  top  of  the  sandstones,  forming  an  anticline  at  this  part.  As 
we  trace  the  series  eastward  from  Granton  quarry,  we  find  tlie 
rocks  assume  a  steady  dip  to  the  east,  at  angles  from  20°  to  30°. 
The  beds  seen  are  mostly  sandstones  in  thick  courses,  which  run 
in  ridges  into  the  sea,  forming  bays  between.  Very  little  rock  is 
exposed  within  these  bays,  but  at  low  water  several  ex]tosures 
occur,  showing  that  the  rocks  within  these  bays  are  mostly  thin- 


VCRAI  CLOCK  HART 


''. 


^   // 


tu  V,    /^     Avs'*'  •w-^y_.r>''jfx>.-' Colin 


^1AP 

WW?' 

SECTIONS 


EDINBURGH  DISTRICT! 


£ S'u/iyl.il€Vi-&^  artyi  aS'A^/^  i/yM  cyS/yyzci:^^?/ /^U7i/ r€/n</-z/zs  /'y9A<y^(S  c/" 
//.iS7fry/^9  ^'y-rv/y/y/iy  /^^y/A^y//  rr/y,./ y^yry/y^'^: 


ON  THE  WARDIE  AND  GRANTON  SANDSTONES  AND  SHALES.       25 

bedded  sandstones,  and  shales  dipping  in  the  same  direction 
as  the  tliicker  bedded  sandstones.  Three  or  four  of  these  bays 
occur  between  Grantou  quarry  and  the  west  breakwater  at 
Granton,  showing  as  many  courses  of  alternating  shales  and 
sandstones. 

At  Carolina  Park  gate,  a  thick  course  of  sandstone  has  been 
quarried ;  it  likewise  forms  the  ridge  called  General's  Eocks,  which 
runs  for  a  considerable  distance  into  the  sea  at  this  point.  This 
seems  to  be  the  uppermost  course  of  thick-bedded  sandstones  in 
this  section  ;  above  them  comes  a  series  of  line  black  shales  dipping 
steadily  eastward,  these  continue  for  about  one  hundred  yards,  and 
form  what  might  be  termed  the  base  of  the  famous  Wardie  Shales. 
Above  this  we  have  several  feet  of  sandstone,  and  above  this 
again  a  bed  of  fireclay  almost  identical  with  the  fireclay  of  the 
Coal  Measures.  I  was  so  much  struck  with  its  resemblance  that 
I  examined  the  upper  portion  of  it  to  see  if  any  coal  existed,  and 
found  a  bed  of  coal  upwards  of  a  foot  thick,  and  above  this  again 
another  bed  of  fireclay  overlaid  by  a  bed  of  coal  about  nine  inches 
thick  ;  overlying  these  are  beds  of  sandstone  and  shale,  into  which 
intrusive  beds  of  igneous  rocks  have  been  injected,  hardening  and 
cutting  through  the  beds  in  many  places,  the  whole  forming  a 
very  interesting  section. 

Between  these  and  Trinity  the  whole  series  rise  and  fall  in 
many  undulations,  forming  several  anticlines  and  synclines  ;  and 
although  the  whole  series  of  shales  extends  for  upwards  of  a 
mile,  I  do  not  think  that  they  show  a  greater  vertical  thickness 
than  about  four  hundred  feet  or  thereby.  It  will  be  in  the  recol- 
lection of  some  of  the  members  of  this  Society  that  a  number  of 
borings  for  coal  were  cariied  on  along  the  top  of  the  terrace  that 
forms  a  raised  beach  in  front  of  Wardie  and  Granton.  Maclaren 
mentions  one  or  two  made  by  Captain  Boswell  on  his  estate 
there,  where  the  workmen  passed  through  two  beds  of  coal  200 
feet  below  the  level  of  the  sea.  I  have  no  doubt  that  these  are 
the  same  beds  that  crop  out  behind  the  west  breakwater.  We 
often  hear  of  the  foolishness  of  people  boring  these  lower  rocks 
for  coal ;  but  it  appears  strange  to  me  that>  they  should  bore  in 
this  locality,  when  the  whole  section,  down  through  the  thick- 
bedded  sandstones  of  Carolina  Park,  is  exposed  along  the  shore. 
If  anything  is  plain  in  this  section,  it  is  the  fact  that  the  Wardie 
shales  overlie  the  Granton  sandstones.  In  the  "  Memoir  of  the 
Geological  Survey,"  sheet  32,  the  Granton  and  Craigleith  sand- 
stones are  stated  to  overlie  the  Wardie  shales ;  but  no  proof  is 
offered  that  such  is  the  case,  whereas  the  section  here  clearly 
proves  the  contrary.  The  vertical  thickness  of  this  section  from 
the  sandstones  of  Granton  quarry  to  the  top  of  the  Wardie  shales 
may  be  about  1800  feet.  The  general  strike  of  the  beds  is 
north  and  south.     In  tracing  the  beds  inland,  a  good  deal  of 
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difficulty  is  experienced  owing  to  the  deep  covering  of  drift 
which  extends  over  the  district,  but  what  with  borings,  railway 
cuttings,  quarry  workings,  and  river  sections,  I  have  been  able 
to  follow  up  the  beds  in  the  line  of  strike,  and  find  the  repre- 
sentatives of  the  shore  section  about  two  miles  inland.  If  we 
take  the  centre  of  the  section  at  the  base  of  the  Wardie  shales, 
where  the  strike  appears  to  be  most  persistent,  and  prolong  the 
line  for  about  two  miles  inland,  it  will  pass  a  little  to  the  east  of 
Craigleith  quarry.  The  sandstone  here  has  been  quarried  to  a 
depth  of  about  200  feet,  and  dips  to  the  east  at  an  angle  of  about 
20°.  From  what  I  have  been  able  to  make  out  from  sections  and 
borings,  &c.  between  the  shore  and  Craigleith,  I  am  confident 
that  the  Craigleith  sandstones  are  a  continuation  of  the  sandstone 
beds  forming  the  general  rocks  at  the  base  of  the  Wardie  shales. 
Above  the  sandstones  of  Craigleith  a  series  of  shales  is  exposed, 
also  dipping  east,  which  must  represent  the  base  of  the  Wardie 
shale  series.  A  transverse  section  through  this  part  of  the  series 
was  described  and  figured  by  me  in  a  paper  published  in  the 
"  Transactions  "  of  our  Society,  vol.  ii.  page  29.  The  beds  under- 
lying the  Craigleith  sandstones  can  be  traced  westward  at  various 
points,  such  as  at  Blackball,  Eavelston  and  Craigcrook,  where 
they  arch  over  and  dip  west  under  the  igneous  rocks  of  Corstor- 
phine  Hill.  In  carrying  our  section  eastward  we  have  to  go  some 
distance  south,  where,  in  the  bed  of  the  water  of  Leith  at  the 
back  of  Donaldson's  Hospital,  we  find  shale-beds  of  a  considerable 
thickness  dipping  west,  forming  a  synclinal  axis  between  this 
and  Craigleith ;  from  this  point  we  can  trace  the  beds  eastward, 
in  a  descending  order  in  the  bed  of  the  water  of  Leith,  to  near 
the  Dean  Bridge,  where  the  shales  are  underlaid  by  about  200 
feet  of  sandstone,  which  I  consider  to  be  the  equivalent  of  the 
Craigleith  beds.  Below  these  sandstones  about  1 00  feet  of  shale 
are  exposed  at  the  Dean  Bridge,  which  are  again  underlaid  by 
beds  of  sandstone.  The  section  cannot  be  traced  further  east  in 
the  bed  of  the  water  of  Leith,  but  I  have  been  able  to  trace  it 
downward  from  cuttings  made  for  building  and  draining  opera- 
tions at  the  west  end  of  Edinburgh  eastward  to  the  Castle  Hill, 
and  I  find  that  it  consists  of  alternating  beds  of  sandstones  and 
shales  dipping  west  at  angles  varying  from  20°  to  30°.  From  the 
shale-beds  in  the  water  of  Leith  behind  Donaldson's  Hospital  to 
the  Castle  Hill  is  about  one  mile,  and  taking  the  dip  at  about  20°, 
would  make  a  vertical  thickness  of  about  1700  feet ;  but  this 
does  not  show  the  whole  thickness  of  the  series  downwards  ;  for 
beds  of  sandstone  and  shale,  with  a  westerly  dip,  have  been 
exposed  at  various  parts  of  the  New  Town  eastward  to  St  Andrews 
Square. 

Now,  one  thing  is  plain  by  this  section,  namely,   that   the 
rocks  between  the  Castle  Hill  and  Corstorphine  are  bent  into  a 
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synclinal  and  an  anticlinal  fold ;  from  the  Castle  to  Bell's  Mills, 
near  Dean  Bridge,  a  distance  of  nearly  a  mile,  the  beds  dip  to 
the  west,  and  from  Craigleith  to  Craigcrook,  about  the  same  dis- 
tance, the  beds  dip  to  the  east,  forming  a  synclinal  trough.  Be- 
tween Bell's  Mills  and  Craigleith  the  last  beds  seen  are  shale. 
We  may  infer  from  this  that  a  considerable  thickness  of  shales 
lies  between  these  two  localities  ;  and  if  we  examine  the  shore 
sections  already  described,  we  find  that  the  Wardie  shales  cover 
all  the  area  north  from  these  two  points,  and  it  is  not  unreason- 
able to  suppose  that  this  is  the  equivalent  of  the  Wardie  shales 
exposed  at  Bell's  Mills. 

In  following  the  rocks  further  inland  from  the  Dean  Bridge, 
we  have  to  depend  a  good  deal  upon  the  direction  of  the  strike 
which  leads  through  the  grounds  of  Drumsheugh  and  West  Coates, 
where  a  number  of  excavations  were  made  for  building  and 
drainage  purposes,  and  still  further  south  at  Grove  Street,  at 
Dairy,  and  at  North  Merchiston,  where  shales  and  sandstones 
have  been  exposed  in  cuttings.  At  all  these  localities,  the  dip  is 
steadily  to  the  west,  and  the  strike  from  10°  to  15°  east  of  north. 
From  these  localities  southwards  no  further  exposure  of  rocks 
occurs  till  near  Craiglockhart,  where  sandstones  and  shales  are 
again  seen  dipping  at  high  angles  to  the  west.  Our  only 
method  of  connecting  these  localities  is  by  following  up  the  line 
of  strike,  as  the  oft-repeated  beds  of  the  series  are  so  like  one 
another,  that  their  lithological  character  cannot  be  depended 
upon.  Now,  if  we  prolong  the  strike  southward  from  what  I  con- 
sider the  base  of  the  AVardie  shales  viz.,  the  shales  overlying  the 
sandstones  above  the  Dean  Bridge,  we  find  that  it  rises  up  to  the 
north  end  of  Craiglockhart  Hill.  Here,  in  a  field  a  little  to  the 
north  of  Craiglockliart  Tower,  beds  of  shale  are  exposed  dipping 
west  at  an  angle  of  about  45°.  These  I  consider  to  be  the  equiva- 
lents of  the  Wardie  shales.  About  100  yards  west  from  this, 
sandstone  beds,  full  of  plant  remains,  have  been  quarried ;  and 
above  these  again,  we  have  beds  of  shale,  all  dipping  west  at  an 
angle  of  45°.  Continuing  our  section  westward,  in  the  direction 
of  Kedhall  and  Hailes  quarries,  portions  of  rock  may  be  seen 
cropping  out  here  and  there  in  the  fields,  all  with  the  same 
westerly  dip  and  high  angle. 

At  the  water  of  Leith,  about  a  quarter  of  a  mile  further  west, 
a  considerable  thickness  of  shales  is  exposed.  These  can  be 
traced  in  an  ascending  series  for  about  200  feet  in  vertical  thick- 
ness, when  we  find  them  overlaid  by  the  thick-bedded  sandstones 
of  Eedhall ;  from  Eedhall  westward  to  Hailes  quarry,  a  distance 
of  about  half  a  mile,  no  rocks  are  exposed ;  but  at  Hailes  flaggy 
sandstones  have  been  quarried  to  a  considerable  depth,  dipping 
east,  forming  a  syncline  between  these  two  localities,  bringing  us 
to  the  top  of  the  series  in  this  district.     Whether  the  sandstones 
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in  these  two  (quarries  are  on  the  same  horizon  or  not,  I  have 
not  been  able  to  determine ;  but  one  thing  is  certain,  that  the 
thin-bedded  sandstones  of  Hailes  do  not  underlie  those  of  Eedhall, 
as  we  know  that  the  Redhall  sandstones  lie  immediately  above 
the  black  shales  of  Kate's  Mill  and  Slateford.  If  we  take  the 
distance  from  Craiglockhart  Hill  to  a  little  beyond  Redhall  quarry 
at  I  of  a  mile,  and  the  average  dip  at  30°,  this  would  give  us 
a  vertical  thickness  of  nearly  2000  feet.  Now  it  will  be 
observed  that  all  the  beds  at  the  north  end  of  the  district  lie 
below  the  Wardie  shales,  whereas  at  this  the  south  end  all  the 
beds  lie  above  them,  and  if  we  take  the  thickness  of  the  beds 
below  the  Wardie  shales  at  1500  feet,  and  add  it  to  this  section, 
it  will  give  a  total  vertical  thickness  of  3500  feet,  and  this  does 
not  give  the  total  thickness  of  this  series  of  rocks  in  the  district, 
as  a  number  of  the  underlying  beds  have  not  been  included  in 
our  section.  Then,  again,  from  Eedhall  quarry  we  can  trace  the 
beds  in  a  descending  series  up  the  bed  of  the  water  of  Leith  as 
far  as  Colinton  village,  where  a  bend  of  the  river  brings  us  up 
over  the  same  beds  again.  Just  at  the  bend  of  the  river  a  high 
vertical  cliff  is  exposed  in  which  the  beds  are  seen  bending  over 
in  an  anticlinal  curve.  The  beds  here  are  the  equivalents  of  the 
plant-bearing  rocks  already  mentioned  as  lying  a  little  to  the 
west  of  Craiglockhart  Hill.  A  short  distance  above  this  anticlinal 
curve  intrusive  igneous  rock  is  seen  ;  and  no  doubt  this  is  a  local 
flexure  caused  by  its  injection  amongst  the  sedimentary  strata. 
.Continuing  our  section  up  the  river  from  this  place  we  gradually 
ascend  in  the  strata  till  above  Colinton  West  Bank  Mill,  where 
the  beds  begin  to  swing  round,  first  dipping  north-west,  then 
north-north-east,  then  east,  showing  a  beautiful  example  of  the 
edge  of  a  basin-shaped  synclinal  trough.  It  will  be  observed 
from  the  map  I  exhibit,  that  this  is  part  of  the  syncline  already 
mentioned  as  existing  between  Eedhall  and  Hailes  quarries. 
But  here  it  is  only  beds  much  lower  in  the  series  that  are 
exposed.  From  this  place  to  Woodhall  the  beds  can  be  traced 
again  in  a  descending  order  for  upwards  of  half  a  mile,  dipping 
steadily  to  the  north-east  by  east  at  various  angles,  from  10"  to 
65°.  At  Woodhall  the  beds  again  begin  to  arch  over  to  the  west, 
and  after  one  or  two  undulations  are  lost,  eitlier  by  a  fault  or 
unconformability,  a  little  below  Kinleith  Alill.  If  we  take  the 
lowest  beds  exposed  in  this  section  at  "Woodhall  backwards  to 
the  synclinal  curve  mentioned  at  "West  Bank  Mill,  a  distance  of 
lialf  a  mile,  and  dipping  at  an  average  of  30°,  it  would  give  us  a 
vertical  thickness  of  about  1300  feet ;  this,  according  to  my  esti- 
mation, would  place  tlie  lowest  beds  at  "Woodhall  on  nearly  the 
sume  horizon  as  those  at  Craiglockhart  Hill,  namely,  the  base  of 
the  Wardie  shales  (see  Section  No.  3). 

Thus  far  I  have  endeavoured  to  correlate  the  beds  in  this 
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district  from  stratigraphical  evidence  alone,  but  during  my 
investigations  several  fossiliferous  beds  have  laeeu  met  with.  I 
came  upon  one,  some  time  ago,  at  Woodhall,  of  special  interest  as 
bearing  upon  the  stratigraphical  position  of  tl;ese  beds.  This  bed 
is  interesting  in  so  far  as  it  contains  fossils  of  true  marine 
character,  such  as  Orthoceratites,  with  Bryozoa  attached,  Lingula, 
Discina,  Pleurotomaria,  Bellerophon,  Schizodus,  Pandora,  and  a 
number  of  other  forms,  mostly  all  new  to  this  series  of  rocks. 
At  Drumsheugh,  near  Dean  Bridge,  in  making  the  drains  in  con- 
nection with  the  buildings  there,  the  foreman  of  the  works,  Mr 
Gall,  called  my  attention  to  a  number  of  fossils  he  had  found  in 
the  shales  there.  I  found  upon  examination  that  nearly  all  the 
forms  found  here  were  identical  with  those  found  at  Woodhall. 
Again,  in  tirring  for  quarrying  operations  at  Craigleith,  shale 
beds  were  exposed  overlying  the  sandstones,  containing  a  number 
of  the  same  fossils,  such  as  Schizodus,  Orthoceras,  Pandora,  &c. 
It  will  be  observed  that  in  all  these  localities  the  fossils  occur 
near  what  I  consider  the  base  of  the  Wardie  shales,  and  it 
occurred  to  me  that  at  Granton,  where  the  base  of  the  Wardie 
shales  are  so  well  exposed,  I  should  in  all  likelihood  find  the 
same  fossils  there.  I  went  there,  and  had  no  difficulty  in  finding 
the  beds  containing  abundance  of  fossils,  identical  with  those 
found  at  Craigleith.  It  will  be  seen  by  this  that  the  fossil  and 
stratigraphical  evidence  agree.  In  dealing  with  this  series  of 
rocks,  it  appears  evident  that  they  cannot  be  separated  into  two 
distinct  groups,  as  is  done  in  the  "  Memoir  of  the  Geological 
Survey,"  page  31,  where  we  find  the  following: — "Above  the 
Wardie  shales  comes  a  vast  series  of  yellow  and  white  thick- 
bedded  sandstones  with  occasional  partings  of  shale.  They  are 
well  shown  on  the  shore  between  Granton  and  Queensferry,  and 
have  been  largely  quarried  at  Granton  as  well  as  inland  at 
Craigleith,  Eedhall,  Hailes  and  Humbie."  It  will  be  seen  by 
including  all  these  localities  that  they  include,  according  to  my 
explanation  of  the  district,  the  whole  series  from  top  to  bottom, 
including  the  Wardie  shales,  Dean  Bridge,  and  Slateford,  while 
they  have  taken  these  shales  and  formed  them  into  a  separate 
group,  and  placed  them  beneath  all  the  sandstones ;  but  more 
than  this,  they  have  included  the  sandstones  of  Dalmeny  and 
Humbie  in  this  group,  when  these  properly  belong  to  the  Burdie- 
house  and  Queensferry  limestone  group,  which  I  consider  a  dis- 
tinct member  of  the  Carboniferous  formation.  They  differ  from 
the  Granton  and  Wardie  series  in  several  important  particular 
For  instance,  in  a  table  given  at  the  end  of  the  Memoir,  in  which 
upwards  of  70  fossils  are  enumerated, — about  30  fnmi  the 
Burdiehouse  series  and  40  or  so  from  the  Granton  and  Wardie 
series, — it  will  be  found  that  only  two  or  three  are  common  to  both. 
Were  this  correct,  it  would  be  almost  sufficient  to  distinguish  them 
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as  two  separate  formatious  ;  but  since  the  Memoir  was  published  a 
number  of  fossils  have  been  found  common  to  both  groups  ;  but 
still  the  fossils  of  both  groups  are  distinct  enough  to  keep  the 
two  series  separate.  Another  characteristic  difference  in  the  two 
groups  is  the  nature  of  the  shales.  It  is  in  the  Burdiehouse  series 
that  nearly  all  the  M'orkable  seams  of  Paraffine  shales  occur  ; 
for  although  we  have  a  vast  thickness  of  shales  in  the  Wardie 
and  Granton  series,  I  am  not  aware  that  we  have  one  workable 
seam  of  Paraffine  in  the  whole  group,  neither  can  the  relation  of 
the  two  groups  one  to  another  be  satisfactorily  traced.  On  the 
east  side,  as  is  shown  on  the  "  Map  of  the  Geological  Survey," 
sheet  32,  the  Burdiehouse  series  of  rocks  is  separated  from  the 
Wardie  and  Granton  series  by  the  trap  rock  of  the  Braid  Hills, 
and  the  great  mass  of  red  sandstones  lying  between  the  Braid 
Hills  and  the  castle  rock,  while  intrusive  beds  of  trap  and  trap- 
ash  intervene  between  them  on  the  west. 

And  more  than  this,  from  investigations  which  I  have  recently 
been  making,  I  may  yet  be  able  to  prove  that  an  unconformability 
exists  between  the  two  groups  in  this  district,  and  I  hope  that 
at  some  future  meeting  I  shall  be  able  to  return  «to  this  subject, 
and  also  to  give  a  description  of  the  fossils  found  in  the  beds 
which  have  formed  the  subject  of  this  paper. 


The  following  exhibitions  of  Fossils  and  Eocks  were  made 
at  this  meeting,  the  exhibitors  describing  each  specimen  dis- 
played : — 

1 .  A  cabinet  of  specimens  of  Carboniferous  Brachiopoda  from 
Fife  and  the  Lothians.  Exhibited  by  Alexander  Somervail, 
Convener  of  the  Society's  Lothians  and  Fife  Palseontological 
Society. 

2.  A  cabinet  of  specimens  of  Alpine  Eocks  and  Crystals,  with 
stones  polished  by  existing  Alpine  Glaciers.  Exhibited  by 
Ealph  Eichardson,  F.E.S.E.,  Honorary  Secretary. 
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4:th  3f arch  1S7 5. 

D.  Milne  Home,  Esq.,  LLD.,  President,  in  the  Chair, 

The  following  Communication  was  read  : — 

On  Phenomena  of  Glaciation  exhihited  hy  the  Pocks  of  Corstor- 
phine  Hill,  near  Edinburgh.  By  Ealph  Eichardson,  F.RS.E., 
Honorary  Secretary. 

Contents. — Sir  James  Hall's  theory  in  1812.  Views  of  Agassiz  and  Charles 
Maclareii.  Roches  Moidonnees.  Striation.  Dip  of  the  Hill.  "  Crag  and  Tail." 
Glaciation  not  Synchronal.  Views  of  Messrs  Geikie.  Evidences  of  Ice  Action. 
Unsolved  Problems.  Consideration  of  three  Theories  :—(l.)  Icebergs;  (2.)  Ice- 
cap ;  and  (3.)  Local  Glaciers.  Glaciation  in  the  Hasli  Thai,  Switzerland.  Dif- 
ference between  it  and  that  of  Corstorphine  Hill. 

Having  observed  a  few  months  ago  in  Switzerland,  as  I 
mentioned  in  a  recent  paper  (see  p.  13),  numerous  fine  instances 
of  roches  montonndes,  I  desired,  when  I  came  home,  to  look  again 
at  the  rocks  of  Corstorphine  Hill,,  which  had  always  to  my  mind 
presented  a  singular  appearance.  I  have  therefore  made  a  pretty 
general  survey  of  the  hill,  and  I  have  come  to  the  conclusion 
that  the  phenomena  exhibited  by  its  superficial  geology  are  fre- 
quently remarkably  similar  to  the  roches  moutonnecs  I  observed 
among  the  Alps.  The  extremely  interesting  character  of  the 
rocks  of  Corstorphine  Hill  is  not,  I  think,  sufficiently  known, — 
one  cause  of  the  absence  of  investigation  of  them  on  the  part  of 
the  public  being,  I  have  no  doubt,  the  fact  that  the  various 
small  properties  of  which  the  hill  is  composed  bristle  with 
placards  proclaiming  the  various  proprietors'  exclusive  rights  of 
property.  Such  notices  will  undoubtedly  deter  many  from 
rambling  over  Corstorphine  Hill  in  pursuit  of  scientific 
knowledge. 

From  my  general  survey  of  Corstorphine  Hill,  it  seems  to  me 
that  it  has  evidently  been  subjected  at  one  time  to  the  abrading 
action  of  an  agent  operating  like  ice.  The  minutely  complete 
way  in  which  the  surfaces  of  the  many  rock-masses  in  situ  have 
been  rounded  and  polished  ;  the  uniform  contour  which  these 
smoothened  rock  -  masses  display  ;  and  the  wide  extent  of 
area  over  which  polished  rocks  are  found  on  Corstorphine  Hill, 
are  circumstances  which,  from  Alpine  instances,  we  know  are 
attendant  upon  glacial  action,  and  which  we  can  connect  with  no 
other  agent  but  ice.  In  1812,  Sir  James  Hall,  Bart.,  in  a  paper 
read  before  the  Eoyal  Society  of  Edinburgh,  of  which  he  was 
President,*  attributed  the  "  dressing  "  of  the  rocks  of  Corstorphine 

*  "Transactions,"  vol.  vii.  The  title  of  this  paper  is  "  On  the  Revolutions  of 
the  Earth's  Surface,"  Part  I.  dealing  with  Alpine  phenomena,  and  Part  II.  with 
those  of  the  Edinburgh  district. 
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Hill  to  "  the  operation  of  immense  torrents  of  water,"  or  d^bdcks ; 
but  the  debacle  theory  (which,  by  the  M^ay,  Hutton  and  Playfair 
always  stoutly  coutrovertedj  was  exploded  by  the  pronmlgatioii 
of  the  glacial  views  of  Agassiz,  who  visited  ScotUmd  in  1840. 
Our  former  President,  Charles  jMaclaren,  in  his  "  Geology  of  Fife 
and  the  Lothians,"*  tells  us  how  he  was  converted  to  these  vieAvs, 
which  are  now  generally  accepted.  Our  late  President,  Professor 
Geikie,  refers  to  the  glacial  action  exhibited  by  Corstorphine 
Hill  in  the  "  Memoir  of  the  Geological  Survey  on  the  Geology  of 
Edinburgh ;"f  whilst  the  curator  of  our  Society's  Museum,  Mr 
Henderson,  in  the  paper  on  Corstorphine  Hill,  which  he  read  to 
us  in  January  1870,  tlunks  "  that  the  proofs  of  glacial  action  here 
cannot  be  di.sputed."  I  1  propose  to  cite  a  few  places  on 
Corstorphine  Hill  illustrative  of  the  glaciation  to  which  I  believe 
it  to  have  been  once  exposed,  leaving  it  to  any  desirous  to  study 
the  subject  more  closely,  or  doubtful  of  the  truth  of  the  glaciation 
theory,  to  visit  these  places  and  judge  for  themselves. 

Clermiston  Tower,  erected  by  Mr  Macfie  of  Clermiston  in 
1871  to  celebrate  the  centenary  of  the  birth  of  Sir  "Walter  Scott, 
is  a  good  starting-point.  This  tower  is,  in  my  opinion,  surrounded 
by  examples  of  roches  moutonn6cs.  Immediately  to  the  N  P]. 
is  a  knoll  formed  of  greenstone,  on  the  summit  of  which  stand 
the  ruins  of  an  old  tower.  Diagram  A  gives  the  outlines  of  this 
knoll.  Charles  Maclaren  refers  {oj-).  cit.  p.  293)  to  an  "  area  of 
bare  rock  known  by  the  name  of  '  Plainstones '  a  little  N.W.  of 
the  old  turret,  20  or  30  yards  square,"  as  "  beautifully  dressed 
and  grooved."  He  understands  that  Sir  James  Hall  gut  the  turf 
removed  here.  All  the  rock  surfaces  exposed  on  the  south- 
western side  of  the  knoll  are  rounded  and  polished.  The  knoll 
has  an  abrupt  and  precipitous  front  to  the  X.E.,  whilst  it  slopes 
smoothly  to  the  S.W.  It  seems  to  me  to  be  an  example  on  a 
considerable  scale  of  a  rochc  moutonnir.. 

I  may  remark,  in  the  words  of  the  "  Geological  Survey  Memoir  " 
{op.  cit.  p.  113),  that  "  Corstorphine  Hill  consists  of  a  crystalline 
hornblendic  greenstone"  (diorite)  "disposed  as  a  bed  dipping 
westerly."  The  greenstone  is  one  of  the  "  intrusive  traps  in  the 
Carboniferous  series."  Charles  Maclaren  (o/?.  cit.  p.  293)  states 
that  the  greenstone  rock  at  the  "  Plainstones  "  "  dips  to  the  W. 
at  10°  to  12°."»  The  greenstone  of  Corstorphine  Hill  rests  on 
sandstones  and  shales  wliich  dip  to  the  W.,  or  rather  the  S.W. 
Mr  Henderson  found  the  "  thin-bedded  flags  "  of  the  pavement 
quarry  on  the  eastern  face  of  the  hill,  "  near  Craigcrook,  dipping 
S.W.  by  W.  at  an  angle  of  12°."  (Paper  cited,  p.  29). 

To  return  to  the  glacial  phenomena,  we  find  on  descending  the 

*  Second  edition,  1866  (dedicated  to  our  Society),  page  292. 
t  Accompanying  sheet  32,  Scotland,  1861,  page  127. 
X  .Society's  Transactions,  vol.  ii.  page  33. 
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hill  southwards  from  Clermiston  Tower  fresh  proofs  in  a  narrow 
gorge  which  stretches  due  E.  from  the  new  stables  erected  by 
Mr  A.  B.  Fleming.  Here  we  have  some  very  fine  instances  of 
rochcs  vioutonnScs,  the  whole  ridge  of  rocks  forming  the  southern 
side  of  the  gorge  being  beautifully  smoothened  and  rounded. 
{vide  Lithograph).  The  rocks  here,  as  generally  over  Corstorphine 
Hill,  consist  of  greenstone,  the  hardness  of  which  preserves  the 
ancient  polish  to  this  day. 

Whilst  evidences  of  rounding  and  polishing  are  abundantly 
evident  everywhere  over  Corstorphine  Hill,  I  failed  to  find  any 
instance  but  one  of  striation.  This  was  a  flat  (and  not  rounded 
slab  of  greenstone  close  to  the  road  leading  down  to  Barnton  on 
the  northern  side  of  the  hill.  I  may  add,  on  the  authority  of  Mr 
Henderson,  as  stated  in  tlie  paper  which  I  have  cited,  "  that 
several  members  of  our  Society  made  an  excursion  to  the  locality  " 
indicated  by  Sir  James  Hall,  and  "  announced  that  the  glacial 
scratchings  described  by  him  in  his  paper  had  no  existence,  but 
were  mere  cracks  in  the  rocks."  Mr  Henderson  himself,  how- 
ever, found  "  a  number  of  long,  polished  hummocks  of  greenstone, 
grooved  in  parallel  straight  lines,  the  grooves  being  about  6  inches 
broad  and  nearly  3  inches  deep,  and  extending  the  whole  length 
of  the  hummocks  in  a  westerly  direction."  I  may  mention  that 
Sir  James  Hall  instances  minutely,  in  the  paper  to  which  I  have 
referred,  fifteen  localities  on  or  surrounding  Corstorphine  Hill 
(of  which  he  gives  a  map)  exhibiting  dressed  and  grooved  rocks. 
From  "  the  medium  result  of  a  number  of  observations  "  of  the 
groovings,  furrows,  or  scratches  on  these  rocks,  he  came  to  the 
conclusion  that  the  direction  of  the  abrading  agent  in  the  neigh- 
bourhood of  Edinburgh  was  "  from  10°  S.  of  W.  to  10°  N.  of  E. " 
Mr  Maclaren  {op.  cit.  p.  293)  refers  to  his  having  seen  on 
Corstorphine  Hill  "  groovings  of  many  sizes,  and  all  very  nearly 
parallel,  one  being  3  feet  in  breadth  and  6  or  8  inches  deep." 
Professor  Geikie  (op.  cit.  p.  127)  states  that  "  glacial  scratchings 
are  admirably  displayed  along  the  west  side  of  Corstorphine 
Hill."  For  myself,  I  can  only  cite  the  slab  on  the  N.  side  as  dis- 
tinctly striated,  the  striae  running  in  an  easterly  and  westerly 
direction,  and  being  parallel  to  each  other.  These  striae  are 
regular  and  minute,  and  are  visible  only  in  a  certain  light. 

With  regard  to  the  so-called  "  groovings "  on  the  rocks  of 
Corstorphine  Hill,  I  can  quite  believe  that  the  nature  of  the 
segments,  into  which  the  greenstone  rocks  there  are  naturally 
divided  may  have  misled  some  observers.  The  rocks  upon 
which  Clermiston  Tower  is  built,  and  those  above  the  whinstone 
quarry  at  the  N.E.  of  the  hill,  facing  Granton,  display  segments 
of  this  kind.  Such  parallel  lines  of  division  are  common  on  the 
rocks  of  Corstorphine  Hill,  and,  from  some  stratigraphical  cause, 
generally  run  in  a  north-westerly  and  south-easterly  direction. 
VOL.  III.  PART  I.  C 
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The  origin  of  such  divisions  is  to  be  sought  not  in  glacial  times, 
hut  in  a  much  more  distant  period,  perhaps  when  the  whole  mass 
of  Corstorphine  Hill  was  being  tilted  up. 

Not  far  to  the  S.W.  of  Clermiston  Tower,  the  greenstone 
rocks  in  situ  all  exhibit  phenomena  of  glaciation.  They  illus- 
trate likewise  the  prevalent  westerly  dip  of  the  greenstone  bed 
forming  Corstorphine  Hill.  A  rock  such  as  that  shown  in 
diagram  C  exhibits  at  once  the  polished  surface  and  the  dip  of 
the  rocks  of  the  hill.  Again,  as  diagrams  A  and  B  both  prove, 
we  may  obtain  models  of  the  whole  hill  from  individual  rocks  and 
rock-masses  found  upon  it  ;  for  the  hill  slopes  gently  anil 
smoothly  down  towards  the  W.,  being  the  line  of  dip  of  its  rocks, 
whilst  its  eastern  face  is  rugged  and  precipitous  ;  the  ends  of  the 
rocks  on  the  eastern  side  of  the  hill  being  found  truncated  and 
in  the  air.  The  hill  thus  owes  its  form  to  the  dip  of  the  bed  of 
greenstone  and  of  the  strata  of  sandstone  and  shale  of  which  it  is 
composed,  although  the  rounding  of  its  surface  on  the  W.  and  S. 
is  due  to  glacial  agencies. 

I  may  at  this  stage  refer,  in  passiag,  to  the  fact  that  Corstorphine 
Hill  can  only  in  a  qualified  sense  be  regarded  as  an  instance  of 
the  well-known  geological  phenomenon  termed  "  Crag  and  tail." 
Corstorphine  Hill  is  severed  into  two  distinct  portions  by  the 
goi'ge  to  the  S.  of  Clermiston  Tower,  to  which  I  referred  before. 
The  southern  portion  of  the  hill,  including  the  famous  point  of 
view  called  Eest  and  be  Thankful,  presents  the  features  of  Crag 
and  tail,  as  may  be  well  seen  from  an  elevated  spot  like  Crewe 
Toll,  above  Fettes  College,  from  which  a  magnificent  prospect 
opens  over  the  city  of  Edinburgh  and  surrounding  district.  The 
northern  and  larger  portion  of  Corstorphine  Hill,  again,  as  is  well 
seen  from  Drylavv,  near  Craigleith  Quarry,  has  no  "  tail  "  to  (he 
E.,  but  presents  on  that  side,  for  the  stratigraphical  reason  I  have 
already  given,  a  precipitous  rocky  face.  As  you  are  aware,  the 
excellent  examples  of  Crag  and  tail  exhibited  by  Edinburgh  and 
Stirling  Castle  rocks,  the  Calton  Hill,  Craiglockhart,  Binny  Crag, 
and  North  Berwick  Law  (as  Charles  Maclaren  has  both  described 
and  figured)  have  their  "  crags  "  facing  tlie  W.  and  their  "  tails  " 
sloping  to  the  E.  To  account  for  this  singular  phenomenon,  the 
familiar  argument  is  that  a  powerful  agent  (the  nature  of  which 
is  matter  of  doubt)  has  swept  over  Central  Scotland  from  W.  to 
E.  ;  but  this  argument  is  somewhat  difficult  of  ap})lication  to  the 
northern  and  larger  portion  of  Corstorphine  Hill,  as  the  "  crag  " 
there  is  to  the  E.  and  the  "  tail,"  if  there  is  any,  to  the  W. 

At  a  meeting  of  the  Eoyal  Society  of  Edinburgh  on  1st 
February  last,  Profi^ssor  Oeikie  (taking  part  in  the  discussion 
which  followed  the  reading  of  a  paper  by  Mr  David  Stevenson, 
(J.E.,  on  North  Berwick  Law),  very  clearly  explained  three  of 
the  leading  varieties  under  which  the  phenomenon  of  Crag  and 
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tail  occurs  in  tliis  district.  He  stated  that  North  Berwick 
Law  is  a  true  instance  of  Crag  and  tail,  and  perhaps  the  best 
e.vample  we  have.  Independently  of  stratification,  and  for  no 
apparent  reason  but  that  of  having  been  formed  by  a  powerful 
agent  acting  from  the  W.,  the  crag  of  that  hill  (the  neck  or 
chimney  of  an  old  volcano)  is  found  facing  the  W.  precipitously, 
whilst  a  tail  of  ash  lies  heaped  up  to  eastward.  The  Professor 
instanced  Salisbury  Crags  and  Corstorphine  Hill  as  examples  of 
Crag  and  tail  due  to  stratification,  the  crag  in  the  former  case 
facing  the  W.  and  in  the  latter  the  E.,  and  added  that  it  would 
have  been  impossible,  for  stratigraphical  reasons,  for  these  hills 
to  have  assumed  any  other  form.  In  illustration  of  these  three 
varieties  of  Crag  and  tail,  the  Professor  drew  upon  the  black  board 
the  sections  of  North  Berwick  Law,  Salisbury  Crags,  and 
Corstorphine  Hill,  shown  in  diagram  D. 

In  the  paper  to  which  [  have  referred,  Mr  David  Stevenson 
seemed  to  imply,  from  having  discovered  glacial  striiB  on  the  base 
of  North  Berwick  Law,  that  the  "  Crag  and  tail "  form  of  that  hill 
was  due  to  the  abrading  action  of  ice.  Now,  I  think  we  must 
separate  entirely  the  superficial  glaciation  of  a  hill  from  the  con- 
version of  its  mass  into  Crag  and  tail  or  any  other  strongly  marked 
form.  Thus,  in  the  case  of  Corstorphine  Hill,  the  glacial  agent 
that  rounded  and  polished  its  superficial  rocks  ought  not  to  be 
considered  the  same  as,  or  synchronal  with,  that  unknown  agent 
which  gave  to  the  mass  of  the  hill  its  present  striking  physical 
features.  As  I  have  already  mentioned,  stratigraphical  reasons 
go  largely,  if  not  wholly,  to  account  for  the  present  form  of 
Corstorphine  Hill ;  and  the  origin  of  its  present  stratigraphy 
must  be  looked  for  in  subterranean,  not  subserial,  commotions. 
Even  assuming,  however,  that  it  is  an  instance  of  Crag  and  tail, 
the  mass  of  the  hill  must  surely  have  acquired  its  present  shape 
previous  to  the  time  when  the  merely  superficial  glaciation 
occurred  to  which  I  refer  in  this  paper.  As  to  the  case  of  a  true 
example  of  crag  and  tail,  such  as  North  Berwick  Law,  I  may  be 
permitted  to  remark  generally  that  vMtcr  and  not  ice  seems,  from 
similar  phenomena  observable  on  every  sea-beach  and  river-side 
at  the  present  day,  the  more  natural  agent  to  which  to  refer  the 
form  of  the  hill.  Mr  James  Geikie,  in  a  recent  work,*  draws  the 
same  inference  from  the  same  common  objects  of  nature ;  but, 
without  explanation  for  the  change,  suddenly  converts  the  water 
into  land-ice,  and  thus  accounts  for  Crag  and  tail.  I  prefer  to 
adhere  to  the  familiar  and  easy  explanation  afforded  by  water, 
whilst  admitting  that  the  stricc  to  which  Mr  Stevenson  referred 
may  have  been  caused  by  the  subsequent  passage  of  land-ice. 
Professor  Geikie  remarks,  on  the  subject  of  Crag  and  tail,  in  the 

*  "  The  Oreat  Ice  Age."     Loiulon,  1874.     Page  97. 
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Survey  Memoir  of  Edinburgh  (p.  127),  that  whilst  "the  later 
modification  of  the  outline  of  "  crag  and  tail  hills  may  be  accounted 
for  by  ice,  yet  the  hills  themselves  "  must  have  been  ^jromiuent 
before  the  beginning  of  the  drift "  period.  "  Ice  action  would 
tend  to  abrade  existing  ridges  by  making  them  narrower  and 
lower,  but  it  would  hardly  denude  a  country  into  ridges  each 
bounded  on  the  W.  by  a  trap-hill."  He  therefore  wisely  refers 
the  "  main  features  of  crag  and  tail  to  a  previous  period,  and  to 
some  process  at  present  not  easily  explained." 

I  could  imagine  that  some,  who  were  ignorant  of,  or  did  not 
attach  importance  to,  glacial  theories,  migTit  maintain  that  rom 
alone  had  polished  the  rocks  of  Corstorphine  Hill.  I  regret  I 
did  not,  except  in  the  one  instance  to  which  I  alluded,  observe 
glacial  strife  on  these  rocks,  as  that  would  have  settled  the  matter 
conclusively  in  favour  of  ice.  But  then,  I  did  not  observe 
decided  marks  of  glacial  striation  on  the  rochcs  inoidonn4cs  which 
I  examined  in  Switzerland.  For  the  reasons,  however,  which  I 
stated  at  the  commencement  of  this  paper,  I  believe  that  the  only 
agent  which  could  have  polished  and  rounded  so  perfectly  the 
rocks  of  Corstorphine  Hill  is  the  same  agent  as  is  at  present  in 
daily  action  in  Greenland,  Switzerland,  &c.,  viz.,  ice. 

The  great  area  over  which  phenomena  of  glaciation  are 
exhibited  at  Corstorphine  Hill  seems  to  me  a  leading  argument 
in  favour  of  ice.  The  action  of  rain  and  running  water  produces 
irregularities  which,  especially  over  a  large  tract  of  ground,  would 
soon  become  apparent.  Tliat  of  ice  is  regular.  Thus  the  whole 
south-westerly  slope  of  Corstorphine  Hill  is  symmetrically 
rounded,  owing  to  the  rocks  (chiefly  hidden  by  turf)  having  been 
planed  and  rounded  by  the  regular  attrition  of  ice.  Again,  rain 
forms  runlets  which,  if  they  How  over  rocks,  wear  channels  in 
them  that  grow  deeper  and  deeper.  The  pressure  of  ice,  on  the 
other  hand,  being  equally  distributed  over  all  parts  of  the  rock 
surface,  abrades  it  equally  and  polishes  the  whole,  wearing  away 
any  superficial  irregularities. 

As  a  proof  of  the  wide  extent  of  polished  rock-surfaces  on 
Corstorphine  Hill,  I  may  mention  those  occurring  throughout 
the  very  large  grass-park  above  the  Convalescent  House  on  the 
S.  side  of  the  hill.  This  park  is  bounded  on  the  S.  by  the  kirk 
road  leading  from  Kest  and  be  Thankful  to  Corstorphine  village. 
Throughout  the  park  nximerous  surfaces  of  greenstone  are 
exposed,  and  in  every  case  they  are  as  perfectly  and  equally 
rounded  and  polished  as  any  on  the  whole  hill.  Wherever  such 
a  surface  occurs,  it  is  found  to  be  polished.  Taking  the  large 
extent  of  the  field  into  account,  we  may  form  an  idea  of  the  size 
of  the  ice  mass  which  once  enveloped  this  portion  of  Corstorphine 
Hill. 

The  fact  of  the  glaciation  of  the  greater  part  of  Corstorphine 
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Hill  being,  I  think,  beyond  dispute,  the  circumstances  under 
which  it  was  effected  remain  to  be  considered.  I  am  afraid  this 
is  a  problem  which  cannot  be  easily  solved.  There  are,  as  you 
are  aware,  certain  problems  connected  with  the  superficial  geology 
of  Scotland  which  remain  still  unsolved.  The  agent  that 
fashioned  the  singular  phenomenon  of  crag  and  tail  so  common 
throughout  Central  Scotland  has  as  yet  never  been  satisfactorily 
explained.  I  have  just  cited  our  late  President,  Professor 
Geikie,  as  referring  in  the  Geological  Survey  "  Memoir  of 
Edinburgh "  (p.  127),  "  the  main  features  of  crag  and  tail "  to 
"  some  process  at  present  not  easily  explained."  Then,  with  all 
the  help  of  the  most  able  observers  both  iu  Switzerland,  Green- 
land, and  North  America,  Scottish  geologists  are  not  yet  satisfied 
as  to  how  our  Scottish  till,  or  boulder  clay,  was  produced. 
Three  of  our  Foreign  Corresponding  Fellows,  the  late  Professor 
Agassiz,  Principal  Dawson,  and  Dr  Eobert  Brown,  have  given  us 
the  benefit  respectively  of  their  Swiss,  North  American,  and 
Greenland  experience.  One  of  our  Associates,  Mr  James 
Geikie,  has  in  a  masterly  volume*  summarised  the  views  and 
researches  of  many  of  the  leading  glacialists  of  all  countries. 
With  such  great  problems  as  crag  and  tail,  and  the  origin  of  drift, 
yet  unsolved,  we  need  not  be  ashamed,  however  much  we  may 
regret,  to  acknowledge  that  such  a  minor  problem  as  that  of  the 
glaciatiou  of  Corstorphine  Hill  is  still  an  open  one.  The 
character  of  the  glaciation  proves  that  only  a  powerful,  regular, 
and  persistent  abrading  agent  like  ice  can  have  polished  and 
rounded  the  rocks  of  Corstorphine  Hill,  but  the  precise  character 
of  that  ice,  or  the  precise  period  of  such  abrasion,  are  points  yet 
unsolved. 

I  may  venture  to  make  a  few  remarks  upon  this  subject, 
although  I  cannot  pretend  to  offer  any  solution.  Indeed,  any 
dogmatic  or  confident  assertions  regarding  it  would  be  quite  out 
of  the  question.  Admitting,  then,  that  ice  was  the  abrading 
agent,  it  must  either  have  been  the  ice  of  (1)  icebergs,  (2)  a 
general  ice-cap  over  the  whole  district,  or  (3)  local  glaciers.  As 
to  the  first  cause,  I  do  not  favour  the  assumption  that  icebergs 
were  the  agent ;  for  I  do  not  think  their  action  is  so  regular, 
minute,  or  general  as  is  required  to  account  for  the  rounding  and 
polishing  of  such  rocks  as  those  of  Corstorphine  Hill,  glaciated 
as  that  hill  is  from  crown  to  base.  As  to  the  second  cause,  Dr 
Ptobert  Brown,  an  Arctic  traveller,  and  now  engaged  in  London 
as  a  member  of  the  Arctic  Committee  of  the  Eoyal  Geographical 
Society,  graphically  refers  in  his  recent  "  Geological  Notes  "  on  a 
portion  of  North  Greenland,  -j*  to  the  ice-cap  which  envelops  the 

*  "  The  Great  Ice  Age."     London,  1874. 

+  Geological  notes  on  the  Noursoak  Peninsula,  Disco  Island,  and  of  the  country 
in  the  vicinity  of  Disco  Bay,  North  Greenland.  "  Trans.  Glasgow  Geol.  Soey," 
vol.  V.  part  i.  page  55.     1875. 
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interior  of  that  countr\'.  and  of  Nvliicli,  to  vary  one  word  in  the 
well-known  lines  of  Salis,  it  may  be  said  : 

"  Es  deckt  mit  iveisser  Hiille 
Ein  unbekamites  Land." 

lie  describes  the  landscape  around  the  shores  of  the  mainland 
of  Disco  Bay  as  follows  :^"  Everywhere — in  and  about  and 
over  all — the  dreary  marks  of  present  or  former  ice  action  are 
apparent.  Looking  down  from  the  hills,  the  eye  is  chilled,  in 
the  hei<,dit  of  an  Arctic  summer,  by  a  dismal  little  lake  with  the 
ice  yet  unbroken  on  the  surface,  or  a  little  glacier  creeping  its 
slow  way  down  to  the  sea ;  while,  beyond  all,  stretches  the  great 
"  inland  ice  "  which  covers  Greenland  like  a  winding  sheet  in  its 
icy  pall,  north  and  south,  east  and  west,  far  as  the  eye  can  see  or 
the  observations  of  the  few  explorers  who  have  attempted  to 
])enetrate  it  have  enabled  us  to  judge."  I  recollect  Professor 
(leikie  once  remarking  at  one  of  our  meetings  that  the  only  mode 
of  ascertaining  the  properties  of  sucli  an  universal  ice-cap  would 
be  for  some  enthusiast  to  make  a  martyr  of  himself,  and  spend 
the  greater  portion  of  his  life  in  the  interior  of  a  country  like 
(rreenland,  where  such  an  ice-cap  exists  and  could  be  studied. 
jMr  James  Croll,  one  of  the  first  thinkers  on  the  subject  of  the 
Glacial  epoch,  and  an  esteemed  Fellow  of  our  Society,  recently 
lemarked*  that  "  our  experience  of  Greenland  is  almost  wholly 
confined  to  the  outskirts.  Xo  one,  with  the  exception  of  Dr 
Hayes  and  Professor  Xordenskiold,  has  penetrated  to  any  distance 
into  the  interior."  The  former  penetrated  only  70  miles  and  the 
latter  only  30  miles  inland  from  the  coast.  Mr  Croll  estimates 
the  thickness  of  the  ice-sheet  at  the  centre  of  Greenland  to  be 
10,000  feet. 

As  to  the  t/iird  cause,  l(jc;d  glaciers,  we  know  that  such  prf)- 
duce  rochcs  montminics  similar  to  those  of  Corstorphine  Hill. 
But  so  also  would  the  passage  of  a  sheet  of  land-ice  of  any  kind. 
There  is,  however,  this  objection  to  the  local  glacier  theory,  that 
glaciers  are  found  in  beds  or  valleys  rather  than  on  the  summits  or 
smooth  sides  of  mountains.  Local  glaciers  are  also  accompanied 
by  moraines,  and  these  are  not  found  on  Corstorphine  Hill. 

On  the  whole,  I  lean  to  the  supposition  that  the  glaciation  of 
Corstorphine  Hill  has  been  due — 1st.,  to  land  ice  ;  and  2d,  to 
such  a  body  of  land-ice  as  enveloped  the  entire  hill.  I  admit 
the  difficulties  of  this  position : — 1st,  Our  ignorance  of  all  the 
properties  of  such  a  vast  body  of  ice.  2d,  The  local  character  of 
the  glaciation  under  notice ;  for,  although  the  rocks  of  Corstorphine 
Hill  are  distinctly  rounded  and  poli.shed,  all  the  rocks  in  the 
neighbourhood  are  not  so.  Still,  I  think  we  must  recognise  that 
in  order  to  polish  Corstorphine  Hill  from  peak  to  base  it  must 
liave  Ijeeu  entirely  envelo})ed  in  ice  ;  and  whether  this  was  due  to 

*  "Geological  Magazine,". July  and  Augu.st,  1874 
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an  ice-cap  which,  as  in  the  case  of  Greenland,  covered  the  whole 
interior  of  Central  Scotland,  or  whether  it  was  due  to  the  greater 
size  of  a  particular  glacier  which  traversed  Corstorphine  Hill, 
may  next  be  considered. 

We  can  understand  from  the  descriptions  of  travellers  that  an 
ice-sheet,  such  as  that  in  Greenland,  is  not  only  of  enormous 
thickness  but  also  that  it  envelops  the  whole  landscape.  We 
may  also  draw  the  inference  from  its  great  thickness  that 
it  could  exist  only  in  a  climate  of  the  most  severely  glacial  char- 
acter. Glaciers,  however,  being  only  limited  bodies  of  ice,  do 
not  require  such  severe  climatic  conditions  in  order  to  exist. 
They  also,  as  I  have  already  observed,  never  envelop  an  entire 
hill,  but  occupy  valleys.  They  are  likewise  invariably  accom- 
panied by  moi-aines  or  moraine  debris.  A  glacier  requires  three 
concomitants:  1st,  a  gathering  place,  or  neve;  2d,  a  bed;  and  3d, 
lateral,  medial,  and  terminal  moraines,  or  at  least  evident  moraine 
debris.  Unless,  then,  we  find  traces  of  these  concomitants  on 
Corstorphine  Hill  or  in  its  immediate  vicinity,  and  I  believe  we 
do  not,  we  cannot,  from  knowledge  of  existing  glaciers,  argue  that 
a  glacier  once  traversed  it.  It  seems  to  me  that  we  are  reduced 
to  what  is  admittedly  a  much  less  familiar  agent,  viz.,  an  universal 
ice  sheet,  in  order  to  account  for  the  glaciation  of  the  rocks  of 
Corstorphine  Hill. 

I  find  that  Sir  James  Hall  read  his  paper  in  1812  on  a  return 
from  an  Alpine  tour.  Indeed,  the  first  part  of  it  is  devoted  to  a 
consideration  of  Alpine  phenomena.  It  is  matter  of  surprise 
that,  in  presence  of  the  striking  phenomena  of  Alpine  glaciation, 
he  should  adhere  to  the  cUhdcle  theory,  and  that  he  did  not 
anticipate  the  glacial  views  of  Agassiz.  Permit  me  to  refer  to  a 
valley  in  Switzerland  which  I  visited  in  September  last,  and 
which  appeared  to  me  to  be  uu  instance  of  glaciation  not 
necessarily  l)y  the  agency  of  an  universal  ice-sheet,  but  probably 
only  of  local  glaciers.  Pray  remark  that  this  was  a  valley,  not  a 
hill,  like  Corstorphine.  The  valley  in  question  was  the  upper 
portion  of  the  Hasli  Thai,  and  my  route  (a  familiar  one  to  Swiss 
tourists)  lay  from  Meiringen  to  the  Grimsel,  a  walk  occupying 
an  entire  day.  The  route  during  its  whole  course  follows  the 
river  Aare  up-stream,  and  is  a  constant  ascent.  Whilst  in  the 
morning,  at  Meiringen,  we  were  1900  feet  high,  in  the  evening, 
at  the  Grimsel  Hospice,  we  were  6100  feet  above  the  sea-level. 
The  river  Aare  issues  from  those  famous  Aar  glaciers,  in  the 
neighbourhood  of  the  Grimsel,  which  were  studied  successively 
by  Hugi,  .A.gassiz,  Professor  Forbes,  and  Dollfuss-Ausset.  As  we 
ascended  the  river  and  gradually  approached  more  glacial 
regions,  evidences  of  glaciation  and  glacier-action  became 
gradually  more  and  more  apparent.  At  Guttanen  (3500  feet 
high)  the  moraines  began,  and  we  found  the  meadows  strewed 
with  stones  that  had  been  brought  down  in  former  years  by  the 
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glaciers  whose  shrunk  forms  (for  all  the  Swiss  glaciers  have 
shrunk  of  late  years)  are  now  seen  clinging  to  the  neighbouring 
mountains.  1000  feet  higher,  near  the  Falls  of  the  Handeck,  and 
we  came  upon  those  splendid  examples  of  rochcs  moutonniics  to 
which  I  referred  in  a  recent  paper  {vide  Lithograph  opp.  p.  33). 
I  exhibit  a  sketch  of  one  in  diagram  E  ;  and  in  diagram  F  (which 
is  taken  from  Mr  Whymper's  beautiful  work,  "  Scrambles 
amongst  the  Alps,"  1871,  p.  144)  the  mode  in  which  a  body 
of  ice  produces  rochrs  niotitonnks,  such  as  those  above  the 
Handeck  falls  and  at  Corstorphine  Hill,  is  illustrated.  Having 
left  the  Handeck  rocks,  we  came  to  a  tract  covered  with 
moraine  debris.  Then,  passing  along  a  path  carved  out  of  the 
solid  rock,  we  observed  that  the  entire  face  of  the  rocky 
hillside  that  sloped  down  to  the  river  Aare  (notably  at  one 
place  called  the  "  Helle  Platte,"  or  h-ight  smooth  surface)  had 
been  polished  by  glacier  action.  Finally,  as  we  ascended  1500 
feet  higher  to  the  Grimsel,  we  saw  that  the  rocks  on  both  sides 
of  the  river  bore  the  same  glaciated  and  mammilated  appearance. 
We  were  thus  led  to  believe  that  the  Aar  glaciers,  among  which, 
as  I  have  said,  the  river  Aare  now  takes  its  rise,  once  extended 
much  further  down-stream,  and  tliat  the  action  of  these  glaciers 
in  former  times  had  polished  the  rocks  on  both  banks  of  the  river. 
I  may  add  that  the  theory  of  an  universal  ice-cap  did  not  seem 
to  be  required  here,  but  simply  the  minor  conjecture  of  the 
enlargement  and  passage  of  local  glaciers,  which  still  exist  in  a 
greatly  shrunk  state. 

In  the  absence,  liowever,  in  the  vicinity  of  Corstorphine  Hill 
of  an  evident  glacier  gathering-ground  or  neve,  of  a  glacier  bed, 
and  of  moraines, — all  of  which  occur  in  the  Swiss  district  I  have 
described, — I  must  say  I  incline  to  refer  the  rounding  and 
polishing  of  the  rocks  of  Corstorphine  Hill  to  that  period  of 
greatest  cold  in  the  glacial  epoch  when  Scotland  lay  buried,  as 
Greenland  does  now,  beneath  a  great  body  of  ice.  Some  gla- 
cialists  have  even  asserted  (from  groovings  and  stricc  observed) 
that  that  ice  moved  uniformly  in  a  certain  direction.  Some 
have  stated  from  sucli  evidence  tliat  it  traversed  the  Edin- 
burgh district  from  W.  to  E. — the  direction  which  Sir  James 
Hall,  long  before  "  glacial  theory  "  days,  indicated  as  that  taken 
by  the  "  immense  torrents  of  water  "  to  which  he  ascribed  the 
"  dressing  "  or  abrasion  of  the  rocks  of  Corstorphine  Hill.  I  do 
not  intend,  however,  to  go  into  the  question  of  the  probable 
direction  taken  by  the  ice  to  which,  I  believe,  such  abrasion  must 
now  be  attributed ;  but  shall  conclude  by  stating  that  I  think 
we  have  undoubted  evidences  of  its  having  completely  enveloped 
Corstorphine  Hill,  rounding  and  polishing  its  rocks  from  its 
summit  to  its  base,  and  producing  those  interesting  specimens  of 
roches  iiioiUunnks  so  well  worthy  of  further  study,  and  to  whicli 
I  have  ventured  to  call  your  attention  in  this  paper. 
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1st  Axyril  1875. 

Professor  H.  A.  Nicholson,  Vice-President,  in  the  Chair. 

The  following  Communication  was  read  : — 

On  the  PhospJiorescenee  of  Minerals.  By  Dr  Daniel  Hahn, 
Foreign  Corresponding  Fellow,  Stellenbosch,  Cape  of  Good 
Hope. 

The  phosphorescence  of  minerals  is  the  property  they  possess 
of  giving  out  light,  when  they  have  been  exposed  to  the  intiuence 
of  any  kind  of  light,  or  of  a  light  producing  mechanical  operation, 
and  differs  from  glowing  by  its  inferior  intensity  of  heat,  and 
from  burning  by  the  absence  of  any  chemical  change  in  the 
minerals  employed.  The  means  of  demonstrating  phosphorescence 
in  minerals  are  : 

1.  Heat  j 

2.  Electricity  >  =1-  Movement  of  molecules. 

3.  I-ight  J 

4.  Various  friction  =  II.  Movement  of  mass. 

We  thus  arrive  at  a  division  of  the  different  appearances 
of  light,  which  are  known  as  phosphorescence. 

In  times  past,  omitting  the  fabulous  tales  about  the  carbuncle 
and  other  stories  of  the  ancients,  the  phosphorescence  of  the 
diamond  was  observed  earliest ;  the  alchymist  Albertus  IMagnus 
in  the  13th  century  relates  that  he  had  seen  a  diamond  which 
seemed  to  glow  in  warm  water.  After  this  story  of  Albert  Magnus 
comes  the  notice  of  the  Bononian  stone,  "  spongia  solis,"  consist- 
ing of  a  mixture  of  ground  heavy  spar,  the  white  of  an  egg,  and 
gum  tragacanth.  The  discoverer  was  the  shoemaker  Vincenzio 
Cascariolo  at  Bologna  about  1602.  In  this  same  century  another 
stone  with  similar  properties  was  prepared  by  the  Saxon  Baldwin, 
who,  when  searching  by  alchymy  for  the  "  ghost  of  the  world," 
obtained  instead  by  accident  a  stone,  which  gave  out  light  when 
heated  ;  its  composition  is  not  very  unlike  that  of  the  Bononian 
stone.  The  word  "  phosphorescence  "  first  came  into  general  use 
after  the  discovery  of  phosphorus  by  Brandt,  1674  ;  since  then 
many  kinds  of  "  spongiae  solis  "  have  been  prepared,  but  we  have 
no  time  to  notice  them  here. 

The  well-known  Ptobert  Boyle,  who  has  been  called  "  the  father 
of  chemistry,  and  brother  of  the  earl  of  Cork,"  found  that  the 
diamond  gives  out  light  when  heated  by  fire,  sunlight,  or  contact 
with  any  warm  body.  The  results  of  his  and  Dr  Wall's  investi- 
gations may  be  found  in  the  "  Philos.  Trans."  of  the  year  1708. 
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Du  Fay  and  J.  H.  Pott  in  the  last  century  continued  the  investi- 
gations on  this  department  of  physics,  but  we  may  readily 
I^erceive  that  their  interpretations  of  tliese  appearances  were 
imperfect,  as  might  be  expected  from  the  state  of  chemistry  and 
physics  at  that  time.  More  remarkable  are  the  treatises  by 
Wilson :  "  A  Series  of  Experiments  Eelating  to  Phosphori  and 
Prismatic  Colours,"  first  ed.  1755,  and  the  inv^estigations 
of  Wedgewood  ("  Philos.  Trans."  1792).  We  omit  Lavoisier,  T. 
P.  Macquer,  Pallas  ("  Mem.  de  St  Petersbourg,"  1783),  Th.  v. 
Grotthuss,  G.  Osann,  Schneider,  &c.,  whose  results  cannot 
be  noticed  in  such  a  short  review.  There  are  two,  Placidus 
Heinrich,  1811,  and  Sir  David  Brewster,  1820,  whose  exact  and 
extended  investigations  on  the  phosphorescence  of  minerals  may 
be  considered  as  the  principal  source  of  our  knowledge  of  this 
subject. 

Having  examined  the  several  species  of  minerals  with  regard 
to  their  phosphorescence  as  produced  by  heat,  I  will  afterwards 
give  the  results  of  my  own  investigations  and  the  physical 
explanation  of  these  appearances  of  light.  Xow,  we  will  see  what 
are  the  general  facts  of  our  knowledge  on  the  tliree  other  kinds 
of  phosphorescence. 

A.  Phosphorescence  produced  by  light. 

B.  Do.  do.  electricity. 

C.  Do.  do.  various  friction. 

A.  Phosphorescence  produced  ])y  light  is  seen  when  certain 
substances  emit  light  in  darkness  for  a  longer  or  shorter  time, 
when  they  have  been  exposed  to  sunlight  or  other  kind  of  light : 
that  is,  the  molecular  vibrations  of  a  substance  continue  without 
interweaving  of  new  impulses  of  light.  The  majority  of  inorganic 
substances,  but  not  all,  as  was  erroneously  supposed  by  Du  Fay 
and  J.  W.  Draper,  possess  this  property,  for  which  reason  Leslie 
and  Placidus  Heinrich  supposed  that  the  light  of  the  planets  and 
the  moon  is  produced  only  partially  by  the  reflection  of  sun- 
light, partially  by  phosphorescence  produced  by  light. 

Sunlifjht  was  generally  used  in  these  experiments ;  but  as  yet 
no  relation  has  been  established  between  the  time  of  exposure  to 
light  and  the  duration  of  the  resulting  phosphorescence,  because 
this  varies  very  much  in  different  species  of  minerals,  and  even 
in  different  specimens  of  the  same  mineral.  Sunlisjht  produces 
phosphorescence  in  the  diamond  when  this  mineral  is  covered 
with  paper,  white  leather,  tin  foil,  oil,  water,  &c.  Some  minerals 
lose  the  property  of  giving  out  light  when  put  in  the  focus  of  a 
strong  lens.  Daylight,  too,  even  moonlight,  candle-light,  and  the 
magnesium-light  can  produce  this  appearance  in  certain  minerals. 
Becquerel  shows  that  the  electric  light  has  the  same  effect  as 
sunlight  in  producing  phosphorescence.  Observations  have  also 
been  made  on  the  power  of  the  prismatic  colours  to  produce 
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phosphorescence.  The  violet  rays  (according  to  Matteuci  and 
Becquerel)  and  the  blue  (according  to  Von  Grotthuss)  have  the 
greatest  effect ;  the  other  colours  produce  either  a  smaller  amount 
of  phosphorescence  or  none  at  all.  Even  the  red  light,  collected 
by  a  lens,  destroys  at  once  the  phosphorescence  produced  by 
sunlight,  as  was  shown  by  Wilson,  Eitter,  and  Seebeck. 

We  cannot  omit  here  the  very  interesting  relation  between  the 
phosphorescence  produced  by  light  and  that  produced  by  heat : 
if  the  phosphorescence  of  a  diamond  or  of  chlorophane  be  nearly 
extinguished  in  darkness,  then  the  heat  of  the  hand  or  of  the 
breath  is  sufficient  to  excite  it  (namely,  the  phosphorescence) 
again,  which  cannot  be  done  if  the  minerals  have  not  been 
previously  exposed  to  sunlight. 

Minerals  give  out  only  white  light  (according  to  Placidus 
Heiurich),  whereas  the  phosphorescence  of  the  different  "  Bono- 
nian  "  stones  exhibits  very  various  colours.  The  stones  consist- 
ing of  oxide  of  tin  and  antimony  show  a  white  colour ;  of 
arsenic  and  barium,  red  ;  of  cadmium,  yellow ;  of  oxide  of  zinc, 
sulphide  of  antimony,  mercury,  and  strontium,  green  ;  sulphide 
of  arsenic,  blue. 

With  regard  to  the  arrangement  of  the  minerals  in  the  follow- 
ing remarks,  I  used  the  classification  given  by  Dana,  as  a  well- 
known  one,  since  the  researches  on  this  subject  have  not  yet 
given  results  sufficient  for  a  special  distinctive  classification. 

Class  I.  Gases. — Gases  do  not  exhibit  the  phosphorescence 
produced  by  light. 

Class  II.  Water. — Water  has  no  phosphorescence.  Pure  ice 
shows  a  slight  phosphorescence.  It  is  observed  by  Ghave,  that 
snow  has  a  bright  phosphorescence.  ("  Bulletin  de  I'Acad.  roy.  de 
Belgique,"  xxiii.  250.) 

Class  III.  Carbon. — The  phosphorescence  of  the  diamond  is 
well  known  :  it  shows  this  property,  also,  when  it  is  put  in 
hydrogen,  carbonic  acid,  and  Torricelli's  vacuum.  The  other 
minerals  of  this  class  may  be  omitted. 

Class  IV.  Sulphur. — No  phosphorescence. 

Class  V.  Haloid  minerals. — Glauber's  salt,  common  salt,  borax, 
all  carbonates,  alum,  have  (according  to  Placidus  Heinrich)  a  phos- 
phorescence like  that  of  fluor  spar.  The  sulphates  need  not  be  con- 
sidered. Fluor  spar,  and  especially  the  variety  chlorophane  (from 
Derbyshire),  is  the  most  remarkable  mineral  with  reference  to 
phosphorescence  :  the  sensibility  of  chlorophane  is  so  high  that 
it  gives  out  light  for  10  hours  when  it  is  exposed  to  the  light  of  a 
caudle  for  2  minutes.  When  the  chlorophane  is  exposed  to  sun- 
light for  15  minutes  it  gives  out  light  for  10  days,  and  the  heat 
of  the  hand  is  sufficient  to  produce  light  in  it  for  24  days  after 
exposure  to  sunlight.  The  other  kinds  of  fluor  spar  also  possess 
phosphorescence,  but  in  a  less  degree. 
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Class  VI.  Efirthy  minerals. — The  minerals  of  this  class  have 
not  all  been  examined  with  regard  to  phosphorescence,  and,  as 
far  as  is  known,  do  not  exhibit  any  remarkable  amount  of  it. 

Class  VII. — Metals  and  metallic  ores  exhibit  no  phosphor- 
escence worth  mentioning. 

B.  Phosphorescence  produced  by  electricity. — This  phos- 
phorescence is  shown  by  certain  substances  when  an  electric 
spark  is  transmittei  through  them;  or  when  the  substance  is 
merely  exposed  to  the  electric  light. 

The  results  of  all  investigations  on  this  subject  are,  that 
electricity  is  related  in  three  ways  to  phosphorescence.  First, 
certain  substances  give  out  light  when  electricity  is  transmitted 
through  them  (true  phosphorescence  produced  by  electricity) ; 
secondly,  certain  substances,  whose  property  of  giving  out  light, 
when  heated,  is  destroyed  by  too  strong  heat,  recover  that 
property  when  electricity  is  transmitted  through  them ;  thirdly, 
certain  substances  which  have  not  naturally  the  property 
of  phosphorescence  produced  by  light  or  heat,  receive  this  power 
by  being  electrified.  Other  substances,  which  have  only  a  small 
amount  of  this  kind  of  phosphorescence,  receive  a  greater  amount 
when  electrified. 

Though  there  are  many  researches  and  treatises  on  the  phos- 
phorescence produced  by  electricity,  nevertheless  our  knowledge 
of  this  subject  is  limited.  With  regard  to  minerals,  we  know 
almost  nothing  on  the  phosphorescence  produced  in  them  by 
electricity. 

C.  The  phosphorescence  produced  by  friction  of  various 
kinds. — This  somewhat  strange  term  is  used  to  denote  the  differ- 
ent movements  of  mass — such  as  are  produced  by  rubbing,  strik- 
ing, scratching,  breaking,  pressing — which  can  produce  in  the 
mineral  employed  those  molecular  vibrations  known  as  visible 
undulations  of  light.  In  most  experiments  made  to  produce  phos- 
phorescence, two  pieces  of  the  same  mineral  were  employed. 
Minerals  whose  surfaces  are  naturally  smooth,  or  artificially 
polished,  will  never  exhibit  phosphorescence  when  thus  treated: 
the  minerals  used  must  have  an  uneven  surface  and  a  crystalline 
structure  in  order  to  exhibit  phosphorescence,  since  the  light  is 
produced  by  the  breaking  of  very  small  particles  of  the  mineral 
employed.  Therefore,  it  will  be  perceived,  that  phosphorescence, 
whether  produced  by  rubbing  or  breaking,  or  by  scratching,  is 
quite  the  same.  Further,  we  find,  according  to  the  molecular 
theory,  that  this  light  is  produced  by  electricity  becoming  free, 
when  the  molecules  are  separated  from  one  another.  A  splendid 
example  of  this  may  be  seen  when  mica  is  cleft :  a  line  of  light 
denotes  the  point  of  separation.  The  phosphorescence  produced 
by  rubbing  is  quite  different  from  that  produced  by  heat,  as  is 
shown  by  Dessaignes,  Hawkshee,  and  l)avy.     All  haloid  salts 
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and  earthy  minerals  of  a  certain  hardness  and  crystalline  structure 
exhibit  phosphorescence  when  rubbed.  Quartz,  feldspar,  heavy 
spar,  and  some  kinds  of  augite,  are  remarkable  in  this  way,  also 
blende.  The  daily  observed  phosphorescence  of  loaf  sugar  and 
sugar  candy  belongs  to  this  department.  Dessaignes  found  that 
the  diamond  was  the  only  mineral  which  discharges  light  when 
brushed.  More  might  be  said  on  this  subject,  but  it  would  be  a 
mere  enumeration  of  many  facts  already  recorded. 

D.  Phosphorescence  produced  by  heat. — When  phosphorescence 
was  first  observed,  this  appearance  was  explained  by  the  sup- 
position that  the  mineral  sucked  up  light,  which  was  afterwards 
discharged,  for  which  reason  the  respective  substances  were 
called  spongia  solis,  spongia  lucis,  magnes  luminaris,  lucifer. 
This  comparison  of  the  self-luminous  substances  with  a  sponge 
was  defended  by  Lemeny  in  1709  ;  but  his  explanation  is  quite 
opposed  to  numerous  observed  facts. 

Another  explanation  is  that  of  Du  Fay,  who  considered  all 
phosphorescence  as  a  combustion  taking  place  on  the  surface  of 
the  minerals  employed ;  the  discharge  of  light,  however,  does  not 
take  place  on  the  surface  alone,  but  throughout"  the  mineral,  as 
may  be  seen  when  small  crystals  of  anhydrite  are  heated. 

When  the  undulatory  theory  of  light,  as  established  by 
Huyghens  and  Euler,  became  generally  recognised  through  the 
investigations  of  Young,  Fresnel,  and  Fraunhofer,  the  natural 
philosophers  were  compelled  to  explain  this  appearance  in 
accordance  with  the  new  theory.  This  was  attempted  by 
Placidus  Heinrich  and  Dessaignes,  but  in  such  a  way  that  their 
explanation  was  a  mixture  of  the  theories  of  Newton  and 
Huyghens. 

The  analogies  between  light  and  heat, — such  as  reflection, 
simple  and  double  refraction,  interference,  and  polarisation, — 
prove  that  both  the  appearance  ib  due  not  only  to  the  same — or 
at  least  a  similar — kind  of  movement,  but  also,  that  the  moved 
medium  is  the  same ;  that  is,  the  rays  of  light  and  the  rays  of 
heat  are  produced  by  the  vibration  of  the  same  ether,  and  differ 
from  each  other  only  by  the  length  of  the  undulation.  The  rays 
of  a  moderate  heat  cannot  effect  our  organ  of  seeing  on  account 
of  the  length  of  their  undulations,  but  by  increasing  the  heat  the 
length  decreases,  and  the  optic  nerve  becomes  affected.  The 
explanation  of  the  development  of  heat  in  some  chemical  pro- 
cesses must  be  here  omitted. 

When  a  substance  is  heated,  the  undulations  of  the  heating 
plate  of  metal,  on  which  the  substance  is  placed,  communicate 
themselves  to  the  respective  substances  and  produce  in  them 
ether  undulations  of  the  same  length  ;  if  the  undulations  of  the 
heating  plate  are  so  short  as  to  afiect  the  eye,  the  undulations  of 
the  substance  will  also  in  a  short  time  do  the  same,  that  is,  the 
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plate  and  the  substance  are  glowing.  But  there  arc  certain 
fiuhstanccs  v:liich,  when  'i)lace(l  on  a  heated  hut  not  yet  glovnng 
plate,  arc  yet  able  to  produce  other  nnd-ulationn,  which  do  affect  the 
eye :  that  is,  longer  undulations  of  the  heated  plate  produce  shorter 
undulations  in  these  substances,  which  are  called  self-luminous. 
The  influence  of  cohesion  which  limits  to  some  extent  free  vibra- 
tion of  the  ether  in  the  substance  is  counteracted  by  an  increase 
of  temperature. 

It  is  known  that  firm  substances  glow  at  a  temperature 
between  500°-600°  Centigrade ;  therefore  a  true  phosphorescence, 
which  differs  from  glowing,  is  seen  at  a  lower  temperature. 

According  to  the  above  explanation,  we  shall  expect  that  there 
are  different  colours  to  be  seen,  and  that  they  follow  each  other 
from  red  to  violet  when  the  temperature  is  increased.  Indeed, 
the  results  of  not  less  than  about  2500  experiments  with  reference 
to  the  phosphorescence  of  minerals  produced  by  heat  prove  this. 
The  meaning  of  this,  however,  is  not  that  a  self-luminous  sub- 
stance gives  out  first  red  light  and  then  orange,  yellow,  green, 
blue,  violet,  when  more  strongly  heated,  but  that,  when  a  self- 
luminous  substance  gives  out  light  of  different  colours,  the  colour 
whose  undulations  of  light  are  longer  is  seen  first ;  for  instance, 
if  the  "phosphoresence  of  a  substance  be  blue,  red,  and  green,  we 
shall  see  first  red,  then  green  and  blue  when  the  substance  is 
more  strongly  heated. 

lu  different  self-luminous  minerals  the  same  colour  may  be 
seen  at  different  temperatures,  since  this  depends  upon  the 
chemical  composition  and  physical  structure,  such  as  cleavage 
and  crystalline  form,  of  the  minerals  employed.  The  tempera- 
ture at  which  minerals  begin  to  discharge  light  is  from  30°-250° 
Centigi-ade  ;  common  felspar  (orthoclase)  is  the  most  sensitive 
mineral,  since  I  found  that  the  powdered  mineral  gave  out  light — 
but  only  to  a  slight  extent — when  heated  by  the  warm  hand. 
The  duration  of  this  kind  of  phosphoresence  is  generally 
dependent  upon  the  duration  of  the  temperature  of  the  mineral, 
and  we  shall  easily  perceive  that  a  large  piece  gives  out  light  for 
a  longer  time  than  a  small  one. 

But  if  we  use  in  these  experiments  too  strong  a  heat,  the 
power  of  giving  out  light  becomes  completely  lost  in  all  minerals, 
that  is,  the  intensity  of  heat  destroys  or  changes  that  physical 
structure  of  molecules  by  which  longer  undulations  of  tlie  heat- 
ing plate  produce  smaller  and  therefore  visible  undulations  in 
tlie  substance.  This  change  of  ])hysical  structure  is  especially 
remarkable  in  those  minerals  which  lose  water  when  heated,  such 
as  a  good  many  haloid  salts,  several  zeolites,  and  other  minerals, 
whose  cleavage  is  more  perfect  after  the  application  of  heat. 
With  the  exception  of  the  former  minerals,  namely  zeolites  and 
haloid  salts,  the  lost  ])ower  of  discharging  light  can  be  restored 
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in  all  minerals  whose  chemical  composition  is  not  changed,  by 
electricity,  as  above  mentioned,  that  is,  electricity  produces  in  the 
minerals  employed  those  physical  arrangements  of  molecules 
which  are  able  to  change  longer  ether  undulations  into  shorter 
ones. 

The  detinition  of  phosphorescence  given  in  the  beginning  of 
this  treatise  excludes  all  appearances  of  light  which  are  joroduced 
by  a  chemical  change  of  the  mineral  employed,  therefore  the 
light  which  is  seen  when  minerals  consisting  of  metals  with 
sulphur,  arsenic,  and  antimony  are  heated,  cannot  be  considered 
as  phosphorescence  produced  by  heat,  since  a  chemical  change 
takes  place. 

But  before  we  give  a  list  of  the  self-luminous  minerals,  we 
ought  to  consider  shortly  how  experiments  on  this  kind  of 
phosphorescence  are  conducted.  Since  the  intensity  of  the  light 
discharged  is  very  small, — for  instance,  according  to  the  exact 
investigation  of  Draper,  chlorophane  gives  out  light  three 
thousand  times  less  in  amount  than  a  very  small  oil-lamp, — the 
experiments  must  be  made  very  carefully.  It  is  of  the  utmost 
importance  that  the  experiments  should  be  conducted  in  absolute 
darkness,  and  that  the  observer  remain  in  such  a  darkened  room 
for  at  least  20  minutes,  to  enable  the  eye  to  recognise  a  very 
small  amount  of  light.  The  minerals  to  be  observed  are  laid  on 
a  plate  of  platinum,  which  is  placed  over  an  opening  in  a  square 
tin  box  having  a  gas  lamp  (or  Berzelius  lamp)  burning  inside 
below  the  opening. 

According  to  Draper,  platinum  glows  at  a  temperature  of  525° 
Centigrade,  therefore  all  appearances  of  light  seen  in  the  minerals 
below  this  temperature  are  to  be  considered  as  phosphorescence 
produced  by  heat.  If  we  want  to  observe  the  temperature  at 
which  phosphorescence  is  exhibited,  minerals  must  be  heated  in 
a  liquid,  or  on  a  sand-bath,  in  which  the  thermometer  may 
be  placed  ;  as  soon  as  any  phosphorescence  is  seen,  we  ascertain 
the  temperature  by  striking  a  match.  I  cannot  explain  here  the 
various  modifications  of  observation,  which  are  dependent  upon 
many  circumstances. 

The  results  of  my  investigations  chiefly  are — 

.1.  Minerals  which  exhibit  no  phosphorescence  when  heated  : 
gases,  water,  the  class  of  "  carbon"  with  the  exception  of  the 
diamond,  sulphur.  Of  the  haloid  salts  :  sal-ammoniac,  nitre, 
soda,  common  salt,  alum  stone.  Of  the  earthy  minerals :  all 
kinds  of  opal,  talc,  nephrite,  penuine,  pyrophyllite,  pyroxene, 
chrysolite,  allophane,  pinite,  lapis-lazuli.  Of  the  metals 
and  metal  ores  :  pyrochlore,  yttro-tantalite,  lievrite,  allanite, 
rutile,  anatase,  brookite.  The  ores  of  all  other  metals,  with  the 
exception  of  spathose  iron  and  the  noble  metals. 

2.  Minerals  possessing  a   phosphorescence  of  greater  or  less 
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amouat,  which  disappears  sooner  or  later  when  the  heat  employed 
is  too  strong.  If  the  heat  be  suddenly  removed  whilst  phosphor- 
escence is  being  exhibited,  it  disappears  either  at  once  or  in  two 
or  three  minutes.  Sometimes  the  colour  of  the  phosphorescence 
has  been  observed,  especially  when  the  phosphorescence  was  very 
bright. 

To  this  division  belong  all  the  minerals,  with  the  exception  of 
the  above  mentioned,  and  those  which  belong  to  the  next  division. 

It  would  be  too  long  to  count  here  the  names  of  the  respective 
minerals,  therefore  I  restrict  myself  only  to  the  most  remarkable 
of  them,  amber. 

Heavy  spar  (ijellow),  witherite,  celcstine  (blue),  strontianite 
(yellow),  gypsum  (jjdloxoish-grecn),  dolomite,  fibrous  magnesite 
(yellowish-green  and  blue),  brucite,  wavellite,  turrpiois. 

Clorite  (blue),  serpentine,  sea  froth  (ycUoiv),  clintanite,  actinolite, 
asbestos,  spodumene,  chondrodite  (yellow),  the  Zeolites, 
corundum,  klyanite,  audalusite,  staurodite,  leucite,  albite,  labra- 
doritc,  uepheline,  petalite  (yellow  and  blue)  epidote,  idocrase, 
tourmaline,  axinite,  dichroite  mica,  sodalite  (yelloiv  blue),  beryl, 
chrysoberyl,  zircon  (either  green  or  no  phosphoresence)  sphene, 
spathose  iron. 

3.  Minerals  exhibiting  phosphorescence  worthy  of  special 
mention. 

Diamond. — The  experiments  show  that  the  diamond  discharges 
light  when  heated  if  it  has  been  previously  exposed  to  the 
influence  of  the  sun-light. 

Anhydrite. — The  phosphorescence  of  this  mineral  is  of  a  very 
bright  green  colour,  which  disappears  when  it  is  heated  for  a  long 
time  :  we  can  observe  in  small  crystals  that  the  amount  of  light 
is  less  in  the  direction  of  the  long  axis,  where  cohesion  is  greatest, 
than  elsewhere. 

Arragonite. — The  phosphorescence  of  arragonite  is  brighter  and 
lasts  longer  than  that  of  calcite,  with  which  it  agrees  in  chemical 
composition,  but  not  in  physical  structure. 

Apatite  in  all  its  varieties  shows  a  bright  green  phosphor- 
escence, continuing  for  3  to  4  minutes  after  the  heat  is  removed. 

Fluor-spar. — Chlorophaue  shows  light  at  a  temperature  of 
50°-60°  Centigrade;  a  gTcen  colour  is  seen  at  110°  C.  ;  at 
130°-135°  C.  the  colour  becomes  bright  blue,  and  soon  intensely 
blue.  "When  heated  up  to  200°  C.  all  light  seems  to  dis- 
appear, but  suddenly  a  wonderful  shining  white  light  appears 
for  a  minute,  then  is  seen  again  the  intensely  blue  colour,  which 
only  disappears  again  when  the  mineral  is  very  strongly  heated. 
The  other  varieties  of  fluor-spar  also  show  a  green,  blue,  and 
violet-coloured  phosphorescence,  but  not  to  the  same  degree. 

Boracite. — The  crystals  of  this  mineral  allowed  me  to  see  a 
kind  of  sparkling  light  proceeding  from  the  outside  towards  the 
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centre  on  heating  or  cooling.  Its  phosphorescent  property  is  lost 
when  it  is  very  strongly  heated. 

Quartz  and  Chalcedony. — The  two  conditions  of  dimorphic 
silicic  acid,  quartz  and  chalcedony,  differ  through  their 
phosphorescence :  quartz  in  its  varieties  always  shows  a 
phosphorescence,  sometimes  only  a  slight  one ;  but  chalcedony 
has  no  phosphorescence  at  all. 

Tahidar  sjmv. — The  phosphorescence  of  this  mineral  is  pro- 
duced by  a  small  amount  of  heat,  and  is  of  a  green  and  sub- 
sequently blue  colour,  which  is  seen  3  to  4  minutes  after  the 
withdrawal  of  the  heat. 

Datholite. — The  colours  seen  in  this  mineral,  when  heated, 
were  bright  blue  and  violet ;  they  disappeared  soon  when  the 
mineral  was  more  strongly  heated. 

Spinel. — The  yellow  varieties  of  this  mineral  show  a  blue 
and  violet  phosphorescence :  the  blue  spinels  show  a  yellow 
colour ;  all  other  varieties  have  no  phosphoresence. 

Mesotypc. — A  specimen  from  Iceland  showed  a  very  peculiar 
phosphorescence ;  when  heated  it  shows  only  a  very  small 
amount  of  pliosphorescence,  but  afterwards,  by  removing  the 
heat,  when  I  blew  on  it,  there  was  a  beautiful  sparkling  light 
seen  in  every  portion  of  the  mineral  employed.  It  was  very 
difficult  to  destroy  this  peculiar  property  by  a  strong  heat. 

Harmotome. — A  temperature  of  90°  Centigrade  produces  in 
this  mineral  a  beautiful  red  colour,  which  changes  into  a  yellow 
colour  by  a  stronger  heat. 

Orthoclase. — All  the  varieties  of  this  mineral  were  very 
sensitive  with  regard  to  phosphorescence  produced  by  heat ;  the 
colours,  however,  were  different  in  the  different  specimens  :  red 
and  yellow  colour  was  seen,  as  well  as  green  aud  blue.  A  strong 
heat  destroyed  all  this  property. 

Scapolite. — Only  some  specimens  of  this  mineral,  whose 
cleavage  was  perfect,  exhibit  a  red,  yellow,  and  green  phospho- 
rescence :  the  other  varieties  gave  out  a  yellow  and  green  colour 
only. 

Garnet. — With  the  exception  of  the  yellow  varieties  of  this 
mineral,  whose  phosphorescence  is  of  a  yellow  and  green  colour, 
no  phosphorescence  w^as  to  be  produced  in  the  different  kinds  of 
this  mineral. 

Topaz. — The  beautiful  transparent  specimens  from  the  Brazils 
exhibit  a  yellow  and  blue  phosphorescence  ;  all  other  varieties  of 
this  mineral  show  a  green  and  blue  colour.  Its  phosphorescence 
is  the  most  perfect  of  all  the  minerals  which  are  called  gems. 
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Uli  May  1875. 

D.  Milne  Home,  Esq.,  LL.D.,  President,  in  the  Chair. 

The  following  Communication  was  read: — 

On  the  Occurrence  of  CJialk-Flint  Nodules  and  Greenstone 
Boulders  in  the  Post-Pliocene  Sands  {stratified)  at  Marionville, 
Edinburgh     By  Thomas  Smyth. 

In  a  paper  which  I  had  the  honour  to  read  before  this  Society 
on  22d  December  1864,  I  incidentally  mentioned  the  discovery 
of  chalk-flint  nodules,  &c.,  at  Marionville,  but  as  that  paper  was 
on  a  totally  different  subject  from  the  present,  I  made  very  little 
inquiry  as  to  the  place  or  places  from  whence  the  flints  were 
derived.  Marionville  is  an  old-fashioned  house  with  a  garden 
attached,  situated  fully  more  than  a  mile  and  a  quarter  east  of 
the  General  Post  Oflice,  Edinburgh,  and  about  a  mile  from  the 
sea.  Outside  the  walls  there  was  a  large  held  nearly  a  quarter 
of  a  mile  in  length  which  extended  to  Comely  Green,  and  which 
contained  a  sand  pit,  from  which  a  fine  yellowish,  and  in  some 
places  reddish,  sand  was  taken  for  years,  for  the  use  chiefly  of 
plasterers  and  masons  in  Edinburgh.  I  may  mention  that  the 
pit  was  exhausted  several  years  ago,  but  I  kept  a  full  record  of 
particulars  at  the  time  when  it  was  open.  In  1864,  the  sand  pit 
was  246  feet  in  breadth  and  about  15  feet  in  its  greatest  depth, 
and  at  that  time  sand  had  already  been  excavated  for  a  length 
of  about  an  eighth  of  a  mile.  The  height  of  the  surface  of  the 
pit  had  ranged  in  the  course  of  the  operations  from  80  to  about 
100  feet  above  the  level  of  the  sea.  The  depth  of  the  sand  was 
unknown,  but  the  men  sometimes  sank  down  fartlier  than  20 
feet.  The  lower  portion  of  the  field  nearest  the  Firth  of  Forth 
formed  a  declivity,  the  inclination  being  1  foot  in  9.  The  sandy 
deposit  is  not  confined  to  this  field  alone,  for  it  extends  from  near 
Lochend  to  Comely  Green,  from  tlience  to  IMoredon  House, 
where  it  is  of  great  depth,  into  the  Queen's  Park ;  and  this 
deposit  forms  part  of  the  marine  strata  which  can  be  traced 
around  Edinburgh,  notably  Ijetweeu  Edinburgh  and  Leith,  to  the 
height  of  at  least  100  feet  above  the  level  of  the  sea. 

In  the  autumn  of  1864,  as  you  will  see  by  the  section,  the 
sand-pit  consisted  of  a  depth  of  3  feet  of  vegetable  soil ;  below 
this  a  depth  of  3  feet  of  fine  stratified  sand,  the  lower  portion  of 
which  contained  chalk-flint  nodules  ;  below  this  a  deposit  of  4 
feet  of  laminated  clay,  the  upper  portion  of  wdiich  also  contained 
chalk-flint  nodules,  most  of  the  flints  being  perfectly  black  and 
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encrusted  with  chalk.  These  flint  nodules  were  generally 
obtained  from  about  4  to  6,  and  in  some  instances  7  feet  beneath 
the  surface.  They  were  by  no  means  abundant, — only  a  few 
dozen,  so  far  as  I  could  ascertain,  being  obtained  in  all.  As  I 
lived  in  the  locality,  I  discovered  a  few  myself  in  the  sand  at  the 
depth  stated.  The  men  generally  broke  the  nodules,  and  were  in 
the  habit  of  nsing  them  with  steel  for  striking  lights  to  their 
tobacco  pipes.  This  stratum  of  clay  contained  about  a  fifth  part 
of  sand,  and  thinned  out  towards  the  east,  where  it  was  only  3 
inches  in  thickness.  Below  the  clay  there  was  a  depth  of  5  feet 
of  fine  sand,  which  extended  below  the  excavations  to  an  unknown 
depth. 

In  the  summer  of  that  year  the  men  were  suddenly  interrupted 
in  their  operations  by  a  number  of  large  greenstone  boulders  in 
the  midst  of  the  stratified  sand.  They  lay  on  the  top  of  a  very 
thin,  irregular,  and  isolated  seam  of  clay.  The  boulders  and  clay 
together  were  about  4|  feet  in  thickness.  Beneath  the  clay  and 
boulders  the  sand  was  fine,  and  stratified  exactly  the  same  as 
that  above  them.  I  saw  these  in  October  when  the  place  had 
been  all  laid  bare,  and  found  them  to  consist  of  a  cluster,  all  of 
greenstone.  The  cluster  extended  in  the  midst  of  the  sand  to 
the  length  of  only  40  yards  and  to  a  breadth  of  scarcely  20,  and, 
as  I  have  said,  to  a  depth  of  only  4|  feet.  One  of  the  boulders, 
the  largest,  consisted  of  23  cubic  feet,  and  would  M^eigh  about  2 
tons ;  about  ten  others  would  weigh  1  ton  each,  and  there  were 
many  smaller  ones.  The  cluster  lay  perfectly  horizontal,  and 
one  end  of  it  was  about  14  feet  below  the  surface  of  the  ground  ; 
the  other  end,  owing  to  the  declivity,  was  only  about  4  feet  below 
the  surface.  The  boulders  were  elongated,  subangular,  and 
striated,  the  striae  running  longitudinally  on  them  from  E.N.E.  to 
W.S.W. ;  several  contained  rough  semi-circular  grooves  about  2 
inches  in  diameter ;  but  those  in  the  neighbourhood  of  the 
declivity  and  exposed  to  the  N.E.  were  well  rounded  and  water- 
worn  as  if  in  situ,  for  the  strife  and  grooves,  wherever  they 
appeared  on  the  latter,  were  only  to  be  found  on  their  under 
sides.  Indeed,  the  boulders  exposed  to  the  IST.E.,  and  facing  the 
Firth  of  Forth,  had  all  the  appearance  of  those  at  present  exposed 
to  the  action  of  the  sea  at  Seafield  ;  but  those  at  Marionville, 
having  been  isolated  in  the  midst  of  the  sand,  must  have  lain  a 
considerable  height  above  the  true  boulder  clay.  Such  is  a  sketch 
of  Marionville  sand-pit  made  at  the  time. 

The  question  now  arises  :  How  did  the  chalk  flints  get  there  ? 
and  also,  How  did  the  greenstone  boulders  become  embedded  in 
that  place  ?  The  second  question  is  comparatively  easy,  but  the 
first  is  involved  in  more  difficulties. 

The  range  of  the  Cretaceous  series  of  rocks  is  certainly  a  very 
extensive  one.     Sir  Charles  Lyell,  in  his  "  Elements,"  says  that 
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"  pure  chalk,  of  nearly  uniform  aspect  and  composition,  is  met 
with  in  a  X.W.  and  S.E.  direction,  from  the  K  of  Ireland  to  the 
Crimea,  a  distance  of  about  1140  geographical  miles,  and  in  an 
opposite  direction  it  extends  from  the  S.  of  Sweden  to  the  S.  of 
Bordeaux,  a  distance  of  about  8-40  geographical  miles."*  I  do 
not  think  that  there  ever  could  have  been  a  Cretaceous  period  in 
Scotland,  unless  probably  in  some  of  the  quieter  of  the  sea  bays. 
The  whole  configuration  of  the  country  could  never  have  been 
adapted  for  the  growth  of  the  Glohigcrina,  which  form  about  95 
per  cent,  of  the  mud  of  large  portions  of  the  Atlantic.  For  the 
growth  of  those  foraminiferous  animals  it  requires  a  level  and 
quiet  sea-bottom,  two  miles  at  least  in  depth.  Scotland 
apparently,  at  all  geological  periods,  was  too  rugged  a  habitat  for 
those  animals. 

AVith  regard  to  flints,  from  the  researches  of  Dr  Bowerbank 
and  others,  their  nature  is  now  tolerably  well  known.  They 
generally  inclose  remains  of  sponges,  corals,  &c.,  and  the  silex  in 
a  state  of  solution  would  by  chemical  affinity  attach  itself  to  the 
remains  of  those  animals  when  in  a  state  of  decay.  Chalk  flints 
generally  contain  about  95  per  cent,  of  silex,  with  traces  of  lime 
and  iron,  and  they  are  of  various  colours — black,  yellow,  grey, 
and  even  pink. 

It  is  a  mistake,  however,  to  suppose  that  flints  have  always 
in  nature  been  confined  to  the  Cretaceous  rocks.  They  are  found 
in  the  Carboniferous  formation  in  the  form  of  tubipore  flints  and 
black  flint  nodules,  and  they  are  being  formed  in  the  present  day 
in  the  hot  springs  of  Iceland,  where  the  silex  becomes  hard  in  a 
very  short  space  of  time  indeed. 

But  with  regard  to  a  class  of  flints  somewhat  different  from 
those  found  at  Marionville,  I  may  mention  that  rolled  or  water- 
worn  chalk  flints  are  exceedingly  plentiful  all  along  the  east  coast 
of  Scotland,  and  I  produce  specimens  here  from  stratified  deposits 
at  Burntisland,  Seatield  near  Kirkcaldy,  Leith  Walk,  &c.  But 
these  have  all  the  appearance  of  having  been  washed  from  dis- 
tances, and  re-arranged  by  sea-currents.  From'whence,  then,  did 
the  chalk  flints  come  ?  There  is  no  use  in  going  either  to  Dover, 
Belgium,  Saxony,  or  Sweden  for  the  oi-igin  of  those  flints,  when 
we  find  them  in  great  abundance,  in  tens  of  thousands  of  tons, 
along  the  coast  of  Antrim.  From  the  Ordnance  Survey  maps  I 
find  that  the  distance  from  Glcnarm  in  Antrim  to  IMarionville  is 
only  151  miles,  following  the  present  channel  of  the  Firth  of 
Clyde.  I  find  also  that  the  distance  from  Grangemouth  on  the 
Firth  of  Forth  to  Bowling  on  the  Clyde  is  only  30  miles,  and 
the  highest  point  in  the  valley,  or  rather  strath,  between  the  two 
places  is  only  130  feet  above  the  level  of  the  sea,  so  that  by  a 

*  Lyell's  "Elements  of  Geology, '  6th  edition,  chap.  17,  page  315. 
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depression  of  the  laud,  to  say  140  feet,  the  full  current  of  the 
Irish  Sea,  with  that  of  the  swell  of  the  Atlantic,  would  flow  with 
full  vigour  across  the  strath,  and  right  into  the  North  Sea  through 
the  Firth  of  Forth.  The  source  of  this  current  from  the  west 
explains  many  points  in  Edinburgh  geology  connected  with  the 
Glacial  period,  and  which  did  not  appear  to  be  thoroughly  under- 
stood. It  also  explains  on  reasonable  grounds  one  at  least  of  the 
causes  by  which  the  marine  strata  were  re-arranged. 

During  the  later  portion  of  the  post-Pliocene  period,  icebergs 
and  ice-floes  were  borne  along  by  this  current,  some  of  these  no 
doubt  from  the  Cretaceous  coast  of  Antrim.  Indeed,  the  deep 
glens  of  that  county,  with  the  groovings  and  striations  of  the 
rocks,  bear  striking  evidences  of  glacial  action.  So  far  as  the 
chalk  flint  nodules  found  at  Marionville  are  concerned,  I  am  of 
opinion  that  they  must  have  been  borne  along  by  an  iceberg  from 
the  Antrim  shore  at  a  time  when  the  laud  was  at  least  200  feeu 
lower  than  at  present,  and  that  the  berg  had  become  stranded 
not  at  Marionville  but  somewhere  near  it,  probably  on  the  Calton 
Hill.  The  flints  were  afterwards  arranged  by  marine  currents, 
just  in  the  position  in  which  they  were  found.  The  reason  that 
I  am  of  opinion  that  they  must  have  been  deposited  in 
the  immediate  vicinity  of  Marionville  is  this  :  that  if  they  had 
been  rolled  to  any  considerable  distance  the  chalk,  although 
highly  indurated,  would  have  been  rubbed  off,  and  the  flints  would 
have  been  more  or  less  rounded  and  water-worn,  like  the  other 
flints  found  in  Fife  and  elsewhere.  The  chalk  flints  of  Fife 
appear  to  have  been  carried  for  a  considerable  distance  and  rolled 
along  a  beach.  I  believe,  however,  that  all  the  chalk  flints  that 
I  have  exhibited  have  been  originally  borne  along  in  the  same 
manner  by  this  westerly  current,  and  that  as  re-arranged  and 
found  they  now  form  a  part  of  the  waste  and  ruins  of  the 
Cretaceous  period. 

In  last  month's  number  of  the  "  Geological  Magazine"  there  is 
an  excellent  article  by  Mr  Edward  T.  Hardman  of  the  Geological 
Survey  of  Ireland,  being  a  "  Note  on  Mr  Goodchild's  Theory  of 
the  Sub-glacial  Formation  of  Gravels."  He  shows  that,  in  the 
north  of  Ireland,  the  "  till  contains  invariably  a  very  large  per 

centage  of  the  local  rock  wherever  it  may  happen  to  be 

but  in  no  case  chalk  or  chalk-flints  to  the  amount  of  more  than 
3  or  -i  per  cent.,  even  when  in  the  chalk  country,  unless  where  in 
very  close  proximity  to  unprotected  chalk  exposures."* 

On  the  other  hand,  he  says,  that  the  gravels  as  a  rule  contain 
perceptibly  less  of  the  local  rock,  plenty  of  travelled  or  foreign 
pebbles,  and  a  great  abundance  of  chalk  and  flints,  some  of  these 
even  in  Cork,  300  miles  distant.     His  observations  refer  chiefly 

*  "GeoL  Mag.,"  vol.  ii.,  April  1875,  page  172. 
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to  the  district  comprising  the  south  of  Derry  and  Antrim,  great 
part  of  Tyrone,  and  the  northern  part  of  Armagh. 

Mr  Hardman's  observations  are,  I  believe,  correct  in  relation  to 
the  districts  to  which  he  refers,  but  they  are  barely  applicable  to 
those  parts  of  the  chalk  country  along  the  coasts  of  Antrim, 
where  the  chalk  is  very  much  exposed  to  the  fury  of  the  Atlantic 
and  the  Irish  Sea.  As  a  very  general  rule  the  chalk  in  Antrim  is 
capped  by  basalt,  the  boulder-clay,  gravels,  and  sands  lying  above 
the  basalt,  except  in  those  instances  where  the  basalt  has  become 
disintegrated  and  has  worn  away.  Near  Portrush  I  have  in  view 
six  or  seven  pinnacles  of  chalk  not  so  capped.  This  also  holds 
good  as  to  various  parts  of  the  coast.  The  true  boulder-clay 
exists  in  all  the  glens,  and  this  clay  contains  flints  and  chalk, 
though  not  so  plentiful  as  one  would  expect.  When  a  moving 
glacier  would  gradually  come  down  one  of  those  glens,  it  would, 
of  course,  take  the  smaller  chalk  obstructions  with  it,  and  as  soon 
as  it  got  afloat  it  would  carry  everything  with  it,  in  its  frozen 
mass,  to  the  place  where  it  was  destined  to  melt.  As  I  said 
before,  however,  I  believe  that  the  fine  sands  and  gravels  have 
been  re-arranged  at  the  latest  portion  of  the  Post-pliocene  era. 

Now,  as  to  the  greenstone  boulders.  How  did  they  become 
embedded  in  the  Marion  ^^ille  sands  ?  T  have  only  to  remark  that 
they  did  not  consist  of  true  "  till,"  or  boulder-clay.  They  formed 
a  number  of  rocks  isolated  in  the  sand,  but,  as  I  have  said,  the 
striations  ran  longitudinally  from  E.N.E.  to  W.S.W.,  and  those 
boulders  must  have  been  carried  by  some  means  or  other  from  a 
distance,  for  the  greenstone  is  different  from  that  around 
Edinburgh.  My  opinion  is  that  they  have  been  carried  by  an 
iceberg  at  a  much  earlier  period  of  the  glacial  era  than  that  which 
transported  the  Hints,  at  a  time  when  the  laud  was  much  lower 
and  the  sea  accordingly  deeper ;  that  this  iceberg  was  borne  along 
from  the  west  by  a  westerly  current,  with  its  glacial  burden  of 
boulders,  and  that  it  became  stranded  on  the  sand  bank  at 
]\Iarionville.  It  is  not  improbable  that  this  iceberg  may  have 
passed  near  Ratho  in  its  course,  and  become  stranded  and  frozen 
in  that  locality  for  a  time ;  and  my  reason  for  saying  so  is  this, 
that  the  greenstone  boulders  found  at  Marionville  are  very 
similar,  mineralogically,  to  the  rocks  which  are  found  in  some  of 
the  quarries  in  the  neighbourhood  of  Ratho.  The  current  which 
bore  the  boulders  along  on  the  iceberg  M'as  no  doubt  that  of  the 
Irish  Sea  and  Atlantic  Ocean  comlDined — the  same  westerly 
current  which  at  a  later  period  bore  along  the  chalk-flints  from 
the  Antrim  coast,  and  which  must  have  existed  for  a  long  period 
of  time. 
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21th  May,  1875. 

D.  Milne  Home,  Esq.,  LL.D.,  President,  in  the  Chair. 

The  following  Communication  was  read : — 

On  the  Want  of  a  Systematic  Universal  Nomenclature  in  Minera- 
logy.    By  Dr  Daniel  Hahn,  Foreign  Corresponding  Felloiv. 

I  suppose  that  many,  only  on  account  of  its  curious  title,  will 
take  no  notice  of  the  following  paper,  because  the  words, 
Nomenclature  in  Mineralogy,  do  not  denote  something  real  or 
abstract  at  all.  Nevertheless,  I  venture  to  hope  that,  sooner  or 
later,  a  systematical  nomenclature  will  make  its  appearance,  since 
it  is  a  real  want  in  the  further  progress  of  this  science. 

Botany  and  zoology, — and  also  that  part  of  geology,  which  is 
called  pala3ontology, — have,  as  it  were,  an  international  language. 
In  English,  or  Russian,  or  German,  or  French,  zoologists  know 
at  once  what  is  meant  by  names  such  as  Hyaiia  striata,  Bos 
caffer,  Passer  capensis,  &c, ;  and  the  botanists  of  these  and  other 
countries  cannot  be  in  doubt  about  the  meaning  of  the  Latin 
words.  Primula  veris,  Lamia  alba,  Gentiana  alpina,  &c.,  or  the 
palajontologist  about  such  names  as  TJrsus  spclccus,  Terehra- 
tida  elongata,  Eozoon  canadense.  But  how  can  a  Hungarian 
mineralogist  understand  what  an  English  mineralogist  means  by 
bog  iron  ore,  or  a  French  mineralogist  by  feroxyde  massif 
argilifk'e  ?  He  cannot  ascertain  the  true  meaning  of  such  words 
as  orpiment,  arsenic  sulfur(^  jaune,  melaconite,  chessylite,  muriate 
of  mercury,  &c.,  and  even  should  there  exist  a  similarity  between 
these  and  the  corresponding  Hungarian  words,  he  can  never  be 
quite  certain  of  understanding  them  correctly.  The  English  and 
other  mineralogists  meet  with  the  same  inconvenience  whenever 
they  go  to  countries  where  their  respective  languages  are  not 
spoken. 

The  same  difficulty  presents  itself  within  the  languages  them- 
selves. Take,  for  instance,  the  English,  French,  and  German 
languages,  we  find  in  each  all  the  minerals  are  known,  on  an 
average,  by  three  names.  Some  of  them  have,  however,  like  some 
princes,  seven,  eight,  nine,  or  even  twelve  names.  Pyromor- 
phite,  a  mineral  known  in  England  by  half  a  dozen  different 
names,  and  in  French  by  more  than  one,  is  called  in  German 
Buntbleierz,  Grlinbleierz,  Brannbleierz,  Phoshrosaures  Blei, 
Arsensaures  Blei,  Tranbenblei  Mimetit,  Mimetesit,  Buntlelei, 
Polysphaerit,  Hedyphan,  Naussierit.  I  could  state  a  great  many 
cases,  in  which  the  total  of  the  names  of  one  mineral  in  these 
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three  languages  reaches  twenty.  Only  the  most  powerful 
memories  are  capable  of  retaining  such  a  host  of  useless  names ; 
but  it  has  unfortunately  become  a  matter  of  necessity  to  commit 
to  memory  as  many  of  them  as  possible,  as  otherwise  the  study 
of  mineralogical  books  in  one's  native  or  a  foreign  language  is 
out  of  the  question.  Still,  in  the  present  state  of  the  nomen- 
clature, we  cannot  assert  that  one  name  is  the  right  one  and  the 
other  wrong. 

The  same  is  the  case  in  Petrography,  the  science  by  which 
geology  is  related  to  mineralogy. 

But  let  us  look  for  the  so-called  leading  principles, — if  we  can 
speak  of  leading  principles  in  such  a  confusion, — which  form,  as 
it  were,  the  source,  from  which  all  these  different  names  have 
sprung.  "We  find  names  such  as  quartz,  felspar,  hornblende, 
blende,  gneiss,  grauwacke,  which  are  derived  directly  from  the 
German,  in  which  language  they  denote  just  the  same  as  they  do 
in  English.  These  very  minerals  and  rocks  have,  however,  in  each 
of  these  languages,  besides  the  above,  many  other  names.  As  to 
the  origin  of  these  words  a  great  deal  has  been  said  and  written, 
but  no  satisfactory  explanation  has  been  given  as  yet.  All  the 
names  derived  from  the  German  have  been  used  in  the  different 
mining  districts  of  Germany  about  three  centuries  ago,  and  this 
is  a  fact,  and  about  all  we  know  of  their  origin. 

Other  names  we  owe  to  Latin,  especially  to  Pliny :  for  ex- 
ample, granite,  opal,  topaz,  spinelle,  &c. ;  however,  we  are  not 
always  certain  that  these  names  were  applied  by  the  old  Poman 
writers  to  the  same  minerals  which  bear  these  names  now-a-days. 
Pliny,  for  instance,  calls  "  Fsmaragdus "  the  mineral,  "qui 
viriditatem  puri  maris  imitatur ;"  but  many  minerals  do  the  same, 
even  some  varieties  of  chrysolithus,  of  which  Pliny  says  that  it 
is  "  aureo  fulgore  translucens." 

The  Greek  language  is  principally  used  for  the  purpose  of 
giving  new  names  to  minerals,  and  it  is  very  interesting  to  see 
in  w^hat  way  and  for  what  reason  many  of  these  Greek  titles  are 
bestowed  upon  the  minerals.  A  few  examples  may  be  sufficient 
to  show.  Take,  for  instance,  the  mineral  phenacite,  which  name 
has  been  derived  from  (peua^  liar ;  this  name  has  been  adopted 
because  this  mineral  was  often  erroneously  taken  for  quartz ; 
analcime  from  clvoXki,^  forceless,  because  it  exhibits  only  a  very 
small  amount  of  electricity  when  rubbed ;  scolecite  from 
o-/c&)X,7;/coT7;?  wormlike,  because  this  mineral  curls  up  like  a  worm 
before  the  blowpipe.  All  these  derivations  are  at  least  always 
alluding  to  a  property  of  the  mineral,  although  not  always  to  a 
very  important  or  characteristic  one.  But  how  shall  we  account 
for  a  derivation  such  as  chabazite  from  x^^^^aiov,  the  Greek 
name  of  a  stone,  which  was  praised  by  Orpheus  in  a  song,  or 
amethyst  from  a/teSucrTo?,  adopted  on  account  of  the  mineral's 
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supposed  preservative  powers  against  intoxication.  Now-a- 
days  "  teetotalite  "  would  be  a  more  generally  understood  expres- 
sion. If  we  intend  to  get  a  systematical  nomenclature  in 
mineralogy,  T  think  that  such  caricatures  of  "  leading  principles  " 
must  be  abolished,  otherwise  we  may  call  with  the  same  right  the 
common  quartz  Demosthenite,  because  Demosthenes  took  little 
pebbles  in  his  mouth  in  order  to  learn  how  to  pronounce  the  letter 

Another  "principle  "  (?)  is  to  call  minerals  after  the  localities 
where  they  occur.  By  means  of  this  principle  names,  such  as 
Vaalite,  Llineburgite,  Poonahlite,  Vesuvian,  &c.,  are  formed.  I 
cannot  agree  with  this  terminology,  because  the  localities  where 
the  respective  minerals  occur  cannot  be  considered  as  their 
chief  properties.  If  we  go  on  in  this  way,  we  shall  probably 
find  some  day  words  such  as  Capetownite,  Portobelloite,  &c., 
applied  to  any  variety  of  minerals  or  rocks  found  in  the 
locality. 

The  remaining  leading  principles  I  will  omit  but  one. 
Humboldtite,  Brews terite,  Buchholtzite,  Dolomite,  (Dolomieux) 
&c.,  are  names  given  in  order  to  immortalize  those  great  men, 
whom  I  highly  esteem ;  but  they  do  not  point  to  important  or 
characteristic  properties  of  the  respective  minerals,  or  at  least  I 
cannot  find  any  analogy  between  the  great  Humboldt  and 
Brewster  and  those  minerals  which  bear  their  names. 

The  only  substitute  for  an  international  language  in  miner- 
alogy has  been,  up  to  the  present,  the  chemical  formulaj,  although 
the  use  of  these  are  very  limited  :  Mn^O^  SiO^Ca,  TiO^Ca,  are 
indeed  very  short  expressions,  but  I  dare  say  that  one  would 
not  like  to  store  one's  mind  with  formulae,  such  as 

NaCl  -f  3(N"a20SiO'^  -f  APO^^SiO^)  -|-  10[N"a2OS-O2  +  SCNa^OSiO^  -f 
AFO^SiO^)], 

which  is  the  dualistic  chemical  formula  of  the  mineral  "Nosean." 
Therefore,  if  we  intend  to  obtain  a  systematical  nomenclature 
in  mineralogy  which  is  to  serve  as  an  international  language, 
we  must  avoid,  at  least  to  a  certain  extent,  the  introduction  of 
chemical  expressions, — moreover,  it  cannot  be  justified  to  transfer 
names  of  one  science  to  another. 

I  venture  to  suggest  that,  first  of  all,  the  name  of  a  mineral 
should  refer,  if  possible,  to  its  most  characteristic  or  its  chief 
property.  But  sometimes  this  cannot  be  done,  and  we  shall  be 
compelled  to  add  a  second  distinguishing  word  to  the  general 
name.  Why  should  the  minerals  not  have  two  names  when 
plants,  and  animals,  and  petrefacts  are  christened  in  this  way  ? 
In  most  cases  the  use  of  two  names  will  be  absolutely  necessary. 
Malacolite,  Sahlite.  Fassaite,  Alalite,  Cocealite,  Hedenbergite, 
Polylite,  Hudsonite,  Jeffersonite,  Bronzite,  are  names  of  different 


o8  EDINBURGH  GEOLOGICAL  SOCIETY. 

varieties  of  one  mineral,  viz.,  Aiigite.  The  stability  of  the 
mineral  compounds  is  different  from  that  of  the  products  of  a 
chemical  laboratory,  that  is  to  say,  impurities  (which  are  not  to 
be  considered  as  integral  parts)  occur  so  often,  that  an  absolutely 
pure  mineral  is  an  exception  and  rarity.  I  think  that  only 
when  the  character  of  a  mineral  is  changed  by  the  intermixed 
impurities,  we  are  entitled  to  change  the  name,  but  up  to  tliat 
point  the  impurity  should  be  denoted  only  by  an  attribute 
added  to  the  general  name  of  the  mineral.  At  first  sight  the 
above  mentioned  names  have  nothing  similar  to  one  another  but 
the  ending.  For  these  minerals  I  should  propose  to  retain  the 
name,  "  Augite "  and  to  add  words,  such  as  granular,  white, 
crystalline,  basaltic,  in  order  to  denote  the  variety.  Fringilla 
ccelcbs,  Fringilla  montana,  Fringilla  canludis,  are  examples,  in 
accordance  with  which  we  ought  to  adopt  Avgiks  crystallinus, 
Augites  granular  is,  Augitcs  manganifcrus,  &c.,  names,  which 
would  be  understood  at  once  by  every  mineralogist.  But  this 
may  be  objected  to,  because  there  is  the  impossibility  of  drawing 
an  exact  line  of  demarcation,  as  the  varieties  of  a  mineral  vary 
gradually,  and  because  these  names  would  consequently  not 
always  strictly  denote  the  respective  variety.  If  we  recollect 
that  it  is  easier  to  divide  and  separate  related  things  than  it  is 
to  collect  and  unite  similar  things  under  one  point  of  view,  and 
if  we  look  for  the  important  and  not  for  the  unimportant  and 
accessory  properties,  there  will  be  no  great  difficulty  in  arriving  at 
a  satisfactory  solution  of  the  question.  Nevertheless,  we  must 
always,  in  uniting  and  collecting,  keep  in  view  the  "  aurea 
mediocritas,"  otherwise  we  run  the  risk  of  following  sooner  or 
later  that  false  and  fancy  rule  : — 

Was  man  nicht  dccliniren  kann, 
Das  sehe  man  als  Griinstein  an. 

That  is  :  All  rocks  we  cannot  make  out  are  to  be  considered  as 
"  Trappean  "  rocks. 

I  am  sure  that  an  universal  nomenclature  in  mineralogy 
would  facilitate  very  much  the  study  of  it,  and  increase  the 
interest  in  this  science,  which  is,  up  to  the  present,  I  am  sorry  to 
say,  small  compared  with  that  taken  in  tlie  other  related  sciences. 
I  should  be  very  glad  indeed  if  these  few  words  would  start  a 
discussion  on  this  subject,  and  supply  me  with  all  that  can  be 
said  against  the  idea  of  a  uniform  and  practical  nomenclature 
in  mineralogy. 
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ox  METAMOEPHISM  AND  VULCANIClTY. 


18th  November  1875. 

Dr.  Eamsay  H.  Traquaie,  Vice-President,  in  the  Chair. 
The  following  Communications  were  read  : — 

On  Mctamorphism  and  Vtdcanicity.     By  Gr.  H.  KiNAHAN, 
M.RI.A.,  Geological  Survey  of  Ireland,  Associate. 

The  subjects  of  metamorphism  and  vulcanicity,  as  illustrated 
by  the  rocks  of  Scotland,  have  attracted  some  attention  from  the 
members  of  the  Society ;  and  as  Ireland  presents  an  advantageous 
field  for  the  study  of  the  phenomena  involved,  perhaps  some 
details  as  to  what  may  be  observed  in  that  country  may  be  of 
interest,  more  especially  as  most,  if  not  all,  of  the  Irish  rocks  and 
groups  of  rocks  have  their  representatives  in  Scotland.  It  may 
be  mentioned  that  the  phenomena  now  to  be  described  have  been 
already  partially  treated  of  by  the  writer  of  this  notice  in  a  paper 
read  some  years  ago  before  the  Eoyal  Irish  Academy,  and  also  in 
subsequent  writings.*  In  Ireland,  as  elsewhere,  we  have 
abundant  evidence  that  there  are  two  distinct  kinds  of  rock- 
rnetamorphism, — one  being  Eegional  or  extending  over  large 
areas ;  while  the  other  is  Local  and  restricted  in  range,  when 
normal,  being  found  generally  only  in  immediate  connection  with 
masses  of  intrusive  rocks.  There  are,  however,  connected  with 
local  metamorphism,  other  changes  in  the  sedimentary  rocks, 
apparently  associated  with  the  vulcanicity  which  formed  the 
intrusive  rocks.  For  the  sake  of  distinction,  we  may  call  the 
first  Metapepsis  (from  Gr.  metajjejyto,  to  transform  by  cooking  or 
digestion),  or  regional  metamorphism,  and  the  second  Paroptesis 
(from  Gr.  'paro'igtao,  to  change  by  baking),  or  local  meta- 
morphism.-f- 

Metajpepsis,  as  just  stated,  affects  more  or  less  large  tracts,  and 

*  "Proc.  Royal  Irish  Academy,"  2d  series,  vol.  ii.  "Handy  Book  of  Rock 
Names"  (Hardwicke,  London,  1873.) 

t  The  selection  of  unobjectionable  distinctive  names  for  these  changes  in  the  rocks 
is  by  no  means  easy.  It  might  have  been  thought  desirable  to  make  the  second 
name  metoptesis,  so  that  the  two  might  correspond  better.  But  the  preposition 
para  has  been  substituted  for  mcta  for  two  reasons, — first,  in  order  to  prevent  a 
too  great  and  inconvenient  similarity  between  the  two  words  in  sound,  and  in 
appearance  on  paper,  and  secondly,  because  in  such  compounds  2}'^''ra'  usually 
denotes  a  less  complete  alteration  than  meta,  which  makes  it  more  generally 
appropriate  in  designating  the  second  kind  of  metamorphosis.  In  forming  verbs 
from  the  above  nouns  we  shall  follow  the  precedent  of  "  emphasise"  (which  is  not 
more  objectionable  than  any  other)  and  say  metapepsise,  paroptesise. 
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when  typical  it  is  varied  in  intensity,  but  its  changes  are  always 
gradual  and  continuous.  In  some  places  the  rocks  may  be 
scarcely  altered  at  all  {e.g.,  the' "  submetamorphic  rocks  "  of  the 
East  Indian  surveyors) ;  in  others  the  rocks  may  be  granitoid  or 
even  granyte  ;  while  connecting  these  extremes  of  slightly  and  of 
intensely  altered  rocks,  there  are  others  forming  a  regular 
gradation.  Metapepsis  generally  appears  to  be  due  to  wet  heat, 
that  is,  heated  water  or  steam  under  great  pressure.  Among  the 
"  submetamorphic  rocks,"  the  division  planes  of  the  most  marked 
original  structure  are  more  or  less  glazed  and  mineralised,  while 
the  cheeks  of  the  ancient  fissures,  whether  joints,  breaks,  &c., 
are  hardened.  In  many  cases,  especially  in  argillous  rocks,  such 
originally  open  lines  are  sealed  up,  or  their  sides,  for  a  depth 
varying  from  that  of  a  mere  film  to  a  thickness  of  3  or  4  inches, 
are  hardened,  seemingly  by  being  impregnated  with  some  such 
substance  as  silica  in  solution.  Foliation  seems  to  be  a  necessary 
adjunct  to  metapepsis,  and  it  is  more  and  more  distinctly 
developed  as  the  alteration  of  the  rocks  increases  in  intensity. 
Metapepsis  affects  dissimilarly  the  different  groups  and  sub- 
groups of  derivate  rocks.  Thus  silicious  rocks  appear  to  be  more 
subject  to  its  influence  than  some  others;  as  in  many  places  grits 
will  be  changed  into  quartzytes,  while  interstratified  shales  or 
slates  may  be  scarcely  altered.  This  is  well  exemplified  in  many 
places  in  the  Yarconnaught  district,  co.  Gal  way.*  Also  basic 
tuffs  seem  as  a  general  rule  to  change  more  reluctantly  than 
felsitic ;  thus  at  Forlorn  Point,  co.  Wexford,  the  latter  are  changed 
into  granitoid  gneiss,  while  the  interstratified  basic  tuffs  have 
become  only  incipient  hornblendytes  and  talcytes.  Under  the 
action  of  this  influence  all  limestones  become  more  crystalline ; 
while  in  most  of  them,  structural  lines  are  developed,  by  the 
concentration  thereat  of  minerals  and  other  contained  im- 
purities ;  there  is  also  a  greater  or  less  tendency  to  foliation,  this 
being  sometimes  quite  distinct,  more  so  in  the  impure  than  in 
the  purer  varieties.  Metapepsis,  as  it  increases  in  intensity, 
tends  to  obliterate  the  original  structure  and  structural  lines 
that  existed  in  the  normal  rocks ;  so  that  eventually  a  series 
of  rocks,  made  up,  when  unaltered,  of  various  distinct  rocks, 
w^ill  graduate  into  a  nearly  uniform  granitoid  gneiss  or  gneissoid 
granyte. 

*  W.  M.  Fontaine,  ■when  writing  of  the  American  metamorphic  rocks  (nieta- 
pe])sised),  makes  a  similar  remark.    "American  Jour.  Sci."  ser.  iii.  vol.  i.\.  p.  368 

This  change  seems  remarkable  and  hard  to  explain  ;  iis  it  might  naturally  br 
supposed  that  rocks  with  more  basic  matter,  such  as  lime  and  alkalies,  would 
change  more  readily  ;  and  under  paroptesis  this  seems  to  be  the  case,  but  not  in 
connection  with  metapepsis.  Although  the  above  may  be  the  general  rule,  yet 
there  are  exceptions  to  it,  as  in  the  Cambrian  rocks  of  the  county  Wexford,  at 
and  west  of  the  town,  certain  arenous  rocks  (quartz  rocks)  are  more  distinctly 
altered  than  the  argillous,  in  some  places  the  argillous  rocks  are  changed  into 
Schist,  wliile  in  the  sandstones  there  is  only  an  incipient  foliation. 
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Faroptesis,  or  local  metamorphism,  seems  to  be  due,  generally, 
to  more  or  less  dry  heat  given  off  from  the  mass  of  the  intruded 
rock  which  has  produced  this  action,  the  altered  rocks  having  an 
aspect  like  that  which  would  be  produced  by  baking  or  burning. 
This,  however,  is  not  always  the  case ;  as  there  are  various 
degrees  of  change,  some  being  very  like  those  characteristic  of 
metapepsis.  Most  intruded  rocks  probably  contained  more  or 
less  moisture  at  the  time  of  their  injection,  while  the  invaded 
rocks  also  must  generally  have  had  some,  so  that  the  altering 
heat  of  the  intruded  rocks  could  seldom  have  been  perfectly  dry 
heat.  It  seems,  however,  to  have  been  generally  more  or  less 
dry ;  and  the  different  gradations  found,  from  rocks  that  seem  to 
have  been  burnt  to  rocks  that  seem  to  have  been  steamed  or 
stewed,  may  be  due  to  the  proportion  of  moisture  present  during 
the  metamorphism. 

Rocks  affected  by  paroptesis  are  generally  not  foliated  ;  while 
some  that  are  foliated  were  probably  foliated  by  metapepsis  prior 
to  their  being  affected  by  paroptesis.  This  action  seems  to  affect 
argillous  more  than  silicious  rocks,  as  the  first  may  be  changed 
into  hornstone,  while  the  associated  silicious  rocks  have  only  a 
burnt  appearance,  somewhat  similar  to  that  presented  by  a  piece 
of  sandstone  that  has  been  used  as  part  of  the  lining  of  a  lime 
kiln.  In  paroptetic  rocks  quartz  in  innumerable  irregular 
minute  strings  often  appears,  while  the  presence  of  a  considerable 
quantity  of  iron  is  usually  very  characteristic.  The  iron  in  the 
rocks  thus  altered  always  appears  both  at,  and  deeply  below,  the 
surface  as  ochre  ;  this,  however,  seems  to  be  a  secondary  product. 
Limestone  paroptesised  is  usually  hardened  and  has  iron  largely 
developed  in  it.  In  some  places,  as  in  the  chalk  of  Antrim,  it  seems 
to  be  made  crystalline,  but  in  general  very  little  or  no  crystallisa- 
tion of  the  rock  has  been  superinduced. 

Allied  with  paroptesis  is  the  action  already  referred  to 
which  is  found  in  certain  places,  and  is  local  in  character  like 
paroptesis,  but  its  effects  on  the  rocks  are  somewhat  similar  to 
those  due  to  metapepsis.  This  metamorphism  takes  place  in 
certain  lines  or  in  well-defined  tracts,  as  if  steam,  heated  water, 
or  some  such  agent,  generated  by  vulcanicity,  had  found  vent 
along  joints,  or  other  open  lines,  and  altered  the  rocks  with  which 
it  came  in  contact.  In  the  Upper  Silurian  sandstone  of  south- 
west Mayo,  small,  well-defined,  triangular  and  otherwise  shaped 
tracts  of  quartzyte  occur,  which  seem  to  have  been  altered  by  an 
action  which  worked  up  through  the  open  lines  by  which  those 
tracts  are  traversed  and  bounded  ;  while  in  other  places  in  the 
same  group,  all  the  different  rocks  along  certain  narrow  lines  will 
be  more  or  less  metamorphosed.  This  action  may  change  tuffs 
and  tuffose  rocks  into  rocks  undistinguishable  from  igneous 
ones.     In  the  co.  Wicklow,  in  various  places,  there  are  felsitic 
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tuffs  or  tuffose  rocks  associated  with  great  beds  of  felstone,  wliich 
iu  places  merge  into  altered  rocks  undistinguishable  from  felstone. 
Also  in  various  places,  associated  with  the  great  sheets  of  doleryte 
that  cover  most  of  the  co.  Antrim,  there  is  a  series  of  thin-bedded 
rocks  that  look  like  doleryte,  but  probably  are  extremely  altered 
basic  tuffs  or  tuffose  rocks. 

It  is  necessary  to  mention  the  following  phenomena  in  this 
place,  in  order  to  point  out  the  distinction  between  them  and 
those  of  which  we  have  just  been  speaking.  Iq  some  places 
there  has  been  a  hardening  or  altering  action  which,  at  first  sight, 
might  seem  a  direct  result  of  vulcanicity,  as  the  phenomena  are 
nearly  always  found  more  or  less  in  the  vicinity  of  sheets  of  con- 
temporaneous or  bedded  igneous  rocks  which  have  probably  been 
poured  out  beneath  the  waters ;  but  this  action  has  been  really 
independent  of  the  ordinary  action  of  any  igneous  rocks.  This 
peculiar  kind  of  metamorphism  is  most  important ;  for,  when 
found  in  sedimentary  rocks  overlying  sheets  of  bedded  igneous 
rocks,  it  has  led  various  .  geologists  to  conclude  that  such 
sheets  have  been  forced  in  between  the  beds  with  wliich 
they  are  now  in  contact  above  and  below.  This  metamorphism 
takes  different  forms,  but  the  most  common  gives  the  rocks 
an  aspect  as  if  they  M^ere  saturated  with  some  hardening 
substance.  It  would  appear  to  me  as  if  this  action  was 
due  to  certain  adjuncts  of  vulcanicity  (if  they  may  be  so 
called).  It  is  well  known  that  in  most  volcanic  districts,  after 
the  great  surface  action  has  ceased,  the  internal  forces  are  still 
at  work,  denoting  their  activity  by  such  phenomena  as  hot  water 
springs,  fumaroles,  and  the  like — some  ejecting  water  charged 
with  different  minerals,  others  giving  off  gases;  and  if  such  actions 
followed  the  ancient  subaqueous  eruptions  also,  the  rocks 
accumulating  while  they  were  in  force  would  necessarily  be  more 
or  less  affected  ;  furthermore,  in  one  portion  of  the  sea  irruptions 
of  igneous  rocks  and  tuffs  may  have  been  going  on ;  while  in 
others  heated  water  saturated  with  minerals,  or  vents  giving  out 
gases  only  might  be  in  action,  thus  accounting  for  very  different 
rocks  being  accumulated  on  the  same  horizon.  Also,  if  a  mass 
of  igneous  rock  was  poured  out  over  a  part  of  the  floor  of  the 
ocean  it  could  not  cool  instantaneously.  The  surface  might  do 
so,  but  the  interior  of  the  mass,  according  to  its  thickness,  wouLl 
take  a  considerable  time  for  this,  and  during  such  a  cooHul; 
process  hot  vapours  and  gases  would  be  given  off  from  it.  Thusu 
hot  vapours  and  gases  would  more  or  less  impregnate  the  strata 
deposited  (while  the  action  lasted)  on  the  sheets  of  igneous  rocks ; 
consequently  such  strata  would  be  more  or  less  altered  ;  of  course 
not  by  the  intrusion  of  the  sheets  of  igneous  rocks,  but  by  their 
influence  dviring  the  process  of  their  cooling.  This  would 
account  for  the  induration  of  rocks  abocc  many  of  the  supposed 
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"  intrusive  sheets."  In  the  Ballynascreen  Hills,  co.  Deny,  the 
flints  of  the  chalk  gravel  that  lie  on  the  "  redfree  "  and  below 
the  sheets  of  doleryte  have  rings  of  colours  developed  like 
agates.  This  change  cannot  possibly  be  due  to  what  may  be 
supposed  to  be  the  ordinary  action  of  the  overlying  sheets  of 
doleryte,  as  between  the  latter  and  the  gravel  are  thick  beds  of 
lateryte  containing  a  bed  of  lignyte ;  it  may  therefore  be  due  to 
the  peculiar  action  now  in  view.  It  is  possible,  however,  that 
the  doleryte  of  this  locality  may  belong  to  some  of  the  later 
flows,  and  that  the  flints  may  have  been  transported  from  other 
localities  when  they  were  altered  by  contact  with  igneous  rocks ; 
these  flints,  therefore,  do  not  give  unquestionable  evidence.  But 
in  the  cos.  Galway  and  Mayo,  in  the  Partry,  Mweelrea,  and 
adjoining  mountains,  we  find  the  basal  bed  of  some  of  the  Upper 
Silurian  rocks  to  be,  over  large  areas,  an  euryte  (of  Daubuisson, 
basic  felstone),  and  in  some  places,  beds  or  portions  of  beds 
over  the  eurytes  have  an  indurated  appearance ;  and  that  the 
eurytes  are  beds,  not  intruded  sheets,  is  proved  by  their  graduat- 
ing upwards  into  tuffs  or  tuffose  rocks.  In  places  in  Slieve 
Partry,  where  this  bed  of  euryte  is  absent,  the  horizon  is  occupied 
by  a  peculiar  silicified  grit  or  conglomerate,  which  is  cemented 
to  the  underlying  schists  of  Cambro-Silurian  age.  In  the 
Carboniferous  limestone  of  the  co.  Limerick,  and  in  other  parts  of 
Central  Ireland,  there  are  bedded  igneous  rocks  on  different 
horizons,  which,  in  most  places,  graduate  into  cherty  zones,  as  if 
during  the  different  periods  of  vulcanicity  the  waters  of  the 
Carboniferous  sea  were  invaded  by  an  excess  of  silica  ;  further- 
more, none  of  the  limestones  under  these  zones  of  igneous  rocks 
appear  altered,  while  some  of  the  beds  of  limestone  occurring 
within  the  diflerent  series  of  igneous  rocks  are  indurated ;  and 
this  cannot  be  due  to  the  ordinary  immediate  action  of  the  sheets 
of  igneous  rock  above  or  below  ;  as  in  all  cases  such  beds  were 
observed,  during  the  examination  of  the  country,  to  be  imme- 
diately contained  in  beds  of  tuff.  This  alteration  is,  therefore, 
probably  due  to  the  gases  and  steam  given  off  during  the  cooling 
of  the  underlying  sheets  of  igneous  rocks.  In  the  hills  of 
Tipperary,  Limerick,  Clare,  and  Galway  we  find,  forming  the 
basal  portion  of  the  Lower  Carboniferous  Sandstone  (Old  Ked 
Sandstone),  a  silicious  rock,  similar  to  that  just  mentioned  at  the 
base  of  the  Upper  Silurians  in  Slieve  Partry,  or  else  a  peculiar 
silicious  limestone,  although  no  ordinary  igneous  rocks  have  been 
found  at  or  near  this  horizon  in  any  part  of  Ireland  except  S.W. 
Cork.  These  silicious  and  calcareous  rocks  seem  to  have  been 
deposited  from  springs  at  the  bottom  of  the  Carboniferous  sea  ; 
and  as  we  know  such  springs  are  not  uncommon  in  some 
volcanic  regions,  it  is  possible  that  the  rocks  we  have  just 
mentioned  may  be  due  to  some  kind  of  vulcanicity  which  found 
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vent,  not  in  outbursts  of  melted  rocks  and  eruptions  of  tuff,  but  in 
boiling  springs  and  suchlike ;  possibly  it  was  the  dawn  of  the 
vulcanicity  that  eventually  ejected  the  sheets  of  igneous  rocks 
just  mentioned,  which  are  especially  conspicuous  among  the 
Carboniferous  limestones  of  the  co.  Limerick ;  and,  what  favours 
such  a  supposition,  these  phenomena  are  most  conspicuous  in 
localities  adjacent  to  those  where  the  interbedded  Carboniferous 
igneous  rocks  occur. 

The  facts  that  some  granytes  (whatever  may  have  been  their 
origin)  have  been  unquestionably  intruded  into  the  surrounding 
rocks,  and  that  others  present  evidence  of  having  been  meta- 
morphosed in  situ,  bear  on  our  present  subject  in  this  way  : — 
That  while  the  latter  granytes  are  apparently  the  effect  of 
metapepsis  carried  to  an  extreme,  the  intruded  granytes  may 
be  the  cause  of  a  greater  or  less  amount  of  paroptesis.  It 
may  therefore  be  desirable  to  point  out  here  some  instances  of 
the  intrusion  of  granyte  masses,  and  to  note  the  effects  which 
they  have  produced  on  the  associated  rocks. 

In  Cornwall*  there  are  two  small  areas  containing  old  rocks 
probably  of  Cambro-Silurian  age,  one  being  the  neighbourhood 
of  Cape  Cornwall  and  the  other  the  country  about  the  Lizard. 
In  the  former  are  various  protrusions  of  granyte,  while  in  the 
latter  these  are  rare  ;  yet  the  rocks  near  Cape  Cornwall  are  less 
distinctly  metamorphosed  than  those  in  tlie  Lizard  district. 
However,  the  phenomena  in  these  localities  do  not  enable  us  to 
arrive  at  definite  conclusions  respecting  the  matter  in  hand,  as  the 
rocks  associated  with  the  intrusions  of  granyte  at  Cape  Cornwall 
seem  to  have  undergone  but  one,  and  that  a  general,  meta- 
morphism  (metapepsis) ;  while  many  of  the  rocks  at  the  Lizard, 
such  as  the  ophytes,  steatytes,  and  allied  rocks,  have  been 
subjected  to  a  subsequent  methylotic  action.  In  the  same 
country,  however,  the  granyte  intrusions  of  immediately  post- 
Carboniferous  age  are  instructive,  as  in  most  places  the  rocks 
which  they  have  invaded  are  scarcely  altered  at  all.  This  is 
very  evident  in  the  valley  of  the  Dart,  where  the  sedimentary 
rocks  in  juxta  position  with  the  massive  Dartmoor  granyte  pro- 
trusion are  so  little  altered  that  elsewhere  they  would  be  passed 
over  as  unaltered  rocks.-f* 

In  the  CO.  Down,  Ireland,  there  are  also  old  and  new  granytes. 
Some  of  these  are  of  immediately  post-Silurian  age,  some  are  of 
immediately  post-Carboniferous  age,  while  others  are  of  a  recent 

*  This  English  district  is  i-efeiTcd  to,  as  the  phenomena  that  took  place  there  are 
somewhat  analogous  to  what  ha.s  taken  place  in  part  of  Ulster. 

t  Some  of  the  carboniferous  slates  of  south-west  Cork,  which  are  exactly  similar 
to  the  rocks  in  the  valley  of  the  Dart,  are  as  much  indurated  as  the  schists  of 
the  Dart  valley,  although  a])parently  there  are  not  any  iugenite  rocks  in  their 
vicinity. 
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age,  having  been  probably  intruded  contemporaneously  with,  or, 
in  some  instances,  perhaps,  subsequently  to,  the  Tertiary  igneous 
rocks  of  Ulster.  These  newer  Elvanytes,  the  passage  rocks 
between  the  volcanic  rocks  and  normal  granytes,  have  lately 
been  attracting  attention,  and  some  of  the  varieties  have  been 
described  by  Eichthofen  and  others  under  the  names  of 
Nevadyte,  Pontellaryte,  &c.  The  older  rocks  in  the  co.  Down 
that  have  been  invaded  by  an  immediately  post-Silurian  protru- 
sion, called  the  Newry  or  Slieve  Croob  granyte,  are  very  little 
altered,  like  to  the  Indian  "  submetaraorphic  rocks,"  except  in  a 
few  places  adjoining  the  margin  of  the  protrusion  ;  but  in  such 
places  it  was  observed  that  the  granyte  adjoining  these  more 
highly  metamorphosed  derivate  rocks  has  acquired  a  foliation,  as 
if,  subsequently  to  the  intrusion  of  the  granyte,  certain  strips  of 
country  were  invaded  by  some  action  which  developed  a  foliation 
in  the  granyte  and  increased  the  metamorphism  of  the  adjoining 
derivate  rocks,  which  action  found  vent  more  readily  along  the 
junction  of  the  two  masses  of  rock.  This  seems  to  be  suggested 
by  the  effect  decreasing  each  way  respectively,  as  we  leave  the 
margin  of  the  granyte,  at  which  line  the  altering  action,  whether 
heat  or  something  else,  might  be  expected  to  be  most  intense.  In 
the  CO.  Derry  the  old  derivate  rocks,  probably  of  the  same  age  as 
those  just  mentioned  in  the  co.  Down,  adjoining  the  large  protru- 
sion of  granyte  at  Carudaisy,  are  not  more  metamorphosed  than 
the  same  rocks  in  the  neighbouring  hills.  The  immediately  post- 
Carboniferous  granytes,  also  the  Tertiary  granytes,  all  in  the 
vicinity  of  Carlingford  lough  (cos.  Down,  Cavan,  and  Louth), 
seem  scarcely  to  have  effected  any  paroptesis,  even  when  found 
coming  up  through  the  limestones  ;  as  the  latter  rocks  seem  only 
to  be  changed  at  the  immediate  line  of  contact. 

In  south-east  Ireland  there  is  a  long  reach  of  granyte  extend- 
ing from  Dublin  to  near  New  Eoss,  co.  Wexford,  on  the  flanks  of 
which  the  derivate  rocks  are  more  or  less  indurated,  as  in  Kildare, 
Carlow,  and  Wexford  ;  while  in  other  places,  such  as  Killiney,  in 
Dublin,  and  Glendalough,  in  Wicklow,  the  rocks  are  more 
regularly  metamorphosed.  At  the  small  Glenbrien  granyte  pro- 
trusion east  of  Enniscorthy,  co.  Wexford,  the  schists,  &c., 
in  immediate  contact  therewith,  are  indurated  and  very  much 
ochreised,  but  they  are  not  as  much  metamorphosed  as  the  same 
rocks  a  little  to  the  north  ;  while  in  the  co.  Galway,  the  rocks 
adjoining  the  large  granyte  protrusions  W.  and  N.W.  of 
Oughterard  are  very  slightly  altered  when  compared  with  those 
of  other  parts  of  the  area.  In  this  neighbourhood  also,  but  north 
of  the  fiord  called  Killary  Harbour  at  Creggaunbaun,  granyte  has 
been  protruded  into  fossiliferous  Upper  Silurian  rocks,  which  are 
so  unchanged  that  perfect  fossils  have  been  extracted  from  them 
within  two  feet  of  the  margin  of  the  granyte. 
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A  marked  exeiuplitication  of  the  (lifferenee  between  metapepsis 
and  paroptesis  has  recently  come  nnder  my  notice.  In  the 
baronies  of  Shelburne  and  Shehualier-west,  co.  Wexford,  to  the 
S.S.E.  of  Ne\v  Eoss,  the  rocks  of  tlie  country  (Cambro-^ilurian) 
are  more  or  less  affected  by  metapepsis — they  belonging  to  the 
sub-raetamorphic  rocks  of  the  Indian  survey.  But  in  certain 
isolated  small  tracts,  as  for  instance  the  low  hills  two  miles  S.E. 
of  the  village  of  Ballynabola,  the  rocks  are  intensely  altered. 
In  the  adjoining  country  the  argillous  rocks  are  changed  into 
different  varieties  of  argillyte,  but  in  these  patches  they  are 
changed  into  ribaned  hornstone,  a  rock  scarcely  distinguishable 
from  some  of  the  compact  felstones.  In  these  tracts  of  horn- 
stone  there  are  greater  or  less  intrusive  patches  of  more  or  less 
granitic  or  granitoid  rocks,  evidently  the  roots  of  the  Plutonic 
rocks  which  in  the  higher  beds  are  found  to  have  formed 
interbedded  sheets.  From  this  it  is  evident  that,  during  the 
vulcanicity,  masses  of  molten  matter  were  being  ejected  through 
certain  fissures  and  other  openings  to  form  sheets  of  rocks  ;  but  at 
the  same  time  a  second  action,  paroptesis,  was  at  work,  as  heated 
air  invaded  the  rocks  in  the  vicinity  of  these  fissures  and  openings, 
thus  altering  them  and  causing  them  to  change  into  rocks  quite 
dissimilar  to  those  that  the  rocks  would  have  changed  into  if  they 
had  only  been  affected  Viy  metapepsis. 

In  all  the  above-named  localities  it  is  more  or  less  evident  that 
there  has  been  no  metapepsis  due  to  the  intrusion  of  the  different 
masses  of  granyte,  while  in  many  places  there  has  been  scarcely 
any  paroptesis  even,  and  the  difference  in  the  intensity  of  the 
paroptesis,  as  previously  suggested,*  may  be  due  to  the  circum- 
stances under  which  the  granytes  were  protruded ;  in  some  cases 
the  heat,  dry  or  wet,  generated  by  the  mass,  escaping  through 
open  fissures  of  various  kinds,  while  in  others  it  was  confined 
and  conducted  into  the  enveloping  rocks. 

Somewhat  similar  variations  are  found  to  exist  in  the  effects 
that  Plutonic  and  Volcanic  rocks  have  had  on  the  rocks  with 
which  they  are  associated  In  many  cases  the  rocks  alongside 
them,  or  immediately  beneath  them,  being  nearly  quite  unaltered 
— as,  for  instance,  the  rocks  under  the  previously  mentioned 
great  sheets  of  euryte  of  Upper  Llandovery  age,  cos.  Galway  and 
Mayo  ;  the  sheets  of  doleryte  and  euryte  in  the  Carboniferous 
limestone,  co.  Limerick ;  the  sheets  of  doleryte  in  the  cos. 
Antrim,  Tyrone,  and  Londonderry,  not  to  mention  other  cases: 
while  when  alterations  do  occur  it  is  always  evidently,  or  most 
probably,  the  result  of  a  subsequent  accession  of  heat  — some- 
times wet,  sometimes  dry — through  joints  or  other  fissures. 
Lyell  suggests  that  "this  great  inequality  in  the  effects  of  the 

*  "Proceedings  Royal  Irish  Academy,"  2d  series,  vol.  ii. ;  and  "Handy  Book 
of  Rock  Names." 
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igneous  rocks  may  often  arise  from  an  original  difference  in  their 
temperature,  and  in  that  of  the  entangled  gases,  such  as  is  ascer- 
tained to  prevail  in  different  lavas  or  in  the  same  lava  near  its 
source  and  at  a  distance  from  it.  The  power  also  of  the  invaded 
rocks  to  conduct  heat  may  vary  according  to  their  composition, 
structure,  and  the  fractures  which  they  may  have  experienced,  and 
perhaps,  also  according  to  the  quantity  of  water  (so  capable  of 
being  heated)  which  they  contain.  We  must  also  take  into  con- 
sideration, that  one  fissure  may  be  simply  filled  with  lava,  which 
may  begin  to  cool  from  the  first;  whereas  in  other  cases, 
the  fissure  may  give  passage  to  a  current  of  melted  matter,  which 
may  ascend  for  days  or  months,  feeding  streams  which  are  over- 
flowing the  country  above,  or  being  ejected  in  the  shape  of  scoriae 
from  some  crater.  If  the  walls  of  a  vent,  moreover,  are  heated 
by  hot  vapour  before  the  lava  rises,  as  we  know  may  happen  on 
the  flanks  of  a  volcano,  the  additional  heat  supplied  by  the  dike 
and  its  gases  will  act  more  powerfully."* 

[Having  thus  far  presented  some  more  general  observations  on 
the  different  varieties  of  metamorphism,  illustrated  by  reference 
to  various  districts  of  Ireland,-f-  Mr  Kinahan  proceeded  to  give  a 
more  particular  description  and  history  of  some  of  those  same 
districts  as  regards  the  metamorphism  to  which  they  have  been 
subjected,  the  rocks  being  described  as  much  as  possible  in  the 
order  of  their  age.] 

Finally,  I  may  observe  that  some  may  feel  surprised  that 
I  should  have  formed  so  low  an  estimate  of  the  altering  powers 
of  the  heat,  &c.,  of  intruded  igneous  rock-masses  ;  but  my  conclu- 
sions have  been  arrived  at  deliberately  from  the  facts  that  have 
come  within  my  own  observation. 

*  "  The  Student's  Elements  of  Geology,"  1871,  page  500. 

+  For  illustrations  in  the  Edinburgh  district,  see  Mr  Andrew  Taylor's  pap^r, 
page  135.     See  also  Mr  J.  G.  Primrose  Grieve's  remarks,  p.  87. 
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Catalogue  of  the  Brachiopoda  of  the  Lothians  and  Fife*  Pre- 
pared by  the  Society's  Lothians  and  Fife  Palseontological 
Committee.  With  Introductions  by  Thomas  Davidson, 
F.K.S.,  Honorary  Felloiv  of  the  Society,  and  Alexander 
SOMEKVAIL,  Convener  of  the  Cormniftcc. 

Memhcrs  of  Palceontological  Committee:  —  Alexander  Somervail,  Convener  ; 
Ram.say  H.  Traquair,  M.D.,  Vice-President  of  the  Society;  John  Henderson, 
Curator  of  Society's  Museum  ;  David  J.  Brown,  Councillor  ;  Robert  Etheridge, 
junior,  F.G.S.,  Councillor;  James  Linn,  Livingston;  Thomas  Smyth;  Ralph 
Richardson,  F. R.S. E.,  Hon.  Secretary;  George  Lyon,  Treasurer. 

INTRODUCTION  BY  THOMAS  DAVIDSON,  F.R.S. 

At  the  request  of  the  Palseontological  Committee  of  the 
Geological  Society  of  Edinburgh,  I  have  read  the  manuscript  of 
their  "  Catalogue  of  the  Brachiopoda  of  the  Lothians  and  Fife," 
and  consider  it  to  be  as  correct  and  complete  as  the  material  in 
their  possession  would  enable  them  to  make  it.  I  feel  likewise 
convinced  that  when  all  the  known  fossils  from  those  counties 
will  have  been  similarly  catalogued,  the  Committee  will  have 
rendered  an  important  service  to  science,  and  produced  a  work  of 
reference  that  could  not  be  too  highly  appreciated. 

Although  rocks  belonging  to  the  Devonian  period  occur  in  the 
Lothians  and  Fife,  Brachiopoda  seem  restricted  to  those  referable 
to  the  Silurian  and  Carboniferous  periods. 

All  the  68  species  catalogued  have  been  figured  and  described 
in  my  monograph  of  "British  Fossil  Brachiopoda,"  and  some  of 
them  in  works  of  other  authors. 

In  Fasciculus  i.  of  the  Palseontological  series  of  the  "  Transac- 
tions of  the  Geological  Society  of  Glasgow,"  26  out  of  the  28 
species  recorded  up  to  the  present  time  from  the  Upper  Silurian 
formation  of  the  Pentland  Hills  will  be  found  described  and 
illustrated ;  the  remaining  two,  having  been  subsequently  dis- 
covered by  Mr  Henderson,  are  described  in  the  "  Transactions 
of  the  Edinburgh  Geological  Society." 

In  the  Lothians  the  Silurian  system  is  represented  by  rocks 
belonging  to  the  Wenlock  and  Ludlow  series.  Two  specimens 
of  Orthoccras  were  picked  up  in  1866  by  Mr  C.  Maclaren,  but 
the  first  Brachiopoda  were  found  by  Mr  Geikie  and  Mr  Salter  in 
1860  or  1861.  A  larger  number  of  species  were  subsequently 
discovered  and  described  by  Messrs  Haswcll,  Brown,  and 
Henderson  of  the  Geological  Society  of  Edinburgh. 

Xo   complete   or   special   description   or   illustration   of  the 

*  For  the  information  of  those  resident  out  of  Scotland,  it  may  be  stated  that 
"the  Lothians '' embrace  the  counties  of  Edinburgh,  Haddington,  and  Linlith- 
gow. 
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Carboniferous  species  from  the  Lothians  and  Fife  has  been 
hitherto  published,  consequently  the  46  species  enumerated  in 
"  The  Catalogue "  will  bear  comparison  with  the  50  from  the 
west  of  Scotland  so  well  catalogued  by  Mr  James  Armstrong,  and 
published  in  the  volume  of  the  "  Transactions  of  the  Geological 
Society  of  Glasgow"  for  1871.  The  reader  may  also  be  referred 
to  my  monograph  of  the  "  Carboniferous  Brachiopoda  of 
Scotland  "  published  in  "  The  Geologist  "  for  1860,  and  in  which 
I  figured  and  described  some  49  species  from  14  Scottish 
counties,  28  being  quoted  from  the  Lothians  and  Fife.  Eigliteen 
additional  species  and  some  named  varieties  have  therefore  been 
obtained  through  the  exertions  of  Messrs  A,  Somervail,  J. 
Henderson,  and  D.  J.  Brown.  The  correct  localities  where  each 
species  has  been  discovered  have  been  added  through  the  exer- 
tions of  the  Conmiittee. 

Professor  L.  de  Koninck  has  recently  arrived  at  the  conclusion 
that  the  Carboniferous  fauna  of  Belgium  can  be  grouped  into 
three  great  divisions,  but  with  a  certain  number  of  species  com- 
mon to  them  all.  That  a  similar  arrangement  exists  in  Great 
Britain,  where  the  first  division  is  displayed  at  Hook  Point  and 
in  its  neighbourhood,  in  Ireland  ;  the  second  in  the  vicinity  of 
Dublin ;  while  the  third  would  occur  in  Scotland,  and  in  the 
centre  of  Yorkshire.  This  last  would,  according  to  the  same 
authority,  correspond  with  the  limestone  of  Vise  in  Belgium. 

The  Brachiopoda  form  a  most  extensive  group  of  fossils,  and 
are  among  the  first  well-known  indications  of  life  in  this  world, 
and  have  continued  to  be  represented  up  to  the  present  time. 
The  importance  of  their  study  must  be  obvious  to  all,  and  they 
have  during  the  present  century  attracted  the  keen  attention  of 
many  eminent  observers.  Much,  however,  requires  to  be 
achieved  before  the  class  can  be  said  to  have  been  completely 
elaborated ;  and  the  exact  position  it  should  occupy  in  the  animal 
kingdom  is  still  a  subject  upon  which  much  difference  in  opinion 
has  been,  and  is  still,  entertained.  Some  naturalists  consider  the 
Brachiopoda  to  constitute  a  separate  class  in  the  sub-kingdom 
Mollusca;  others  associate  them  in  the  same  division  with  the 
Polyzoa ;  while  some  eminent  anatomists,  such  as  Steenstrup. 
Morse,  and  Kowalevsky  have  endeavoured  to  show  that  they  are 
more  nearly  related  to  the  Annelida  ;  and  there  can  be  no  doubt 
that  these  last-named  observers  have  demonstrated  that  the 
Brachiopoda  and  the  worms  possess  some  characters  in  common. 
Professor  King  has  likewise  suggested,  on  the  strength  of  the 
observations  made  by  the  late  Johannes  Miiiler,  that  the  general 
plan  of  Lingula  would  denote  that  some  of  its  aflinities  would 
connect  it,  in  a  manner,  with  the  larval  star-fish  {Bipinnaria 
asterigera).  Be  that  as  it  may,  and  until  these  contradictory 
views  will  have  been  settled,  it  will,  I  think,  be  preferable   to 
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consider  that  the  Brachiopoda  constitute  a  separate  and  distinct 
class,  whether  it  is  to  be  placed  in  the  sub-kingdom  Mollusca,  or 
Annulosa. 

It  is  now  generally  admitted  that  the  class  must  be  separated 
into  two  great  divisions  :  to  these  Bronn  gave  the  names  of 
Apygia  and  Pleuropytjia ;  but  for  reasons  which  we  cannot  discuss 
in  these  pages,  the  names  Clistcnterata  and  Tretentcrata  have 
been  substituted  by  Professor  King.  The  first  division  would 
comprise  such  animals  as  Tcrrhratula  and  RhynchuncUa,  that  are 
destitute  of  an  anal  aperture ;  while  the  groups  Trctcnterata 
would  include  forms  such  as  Lingula  and  Discina,  which  are 
provided  with  that  organ.  It  will  not  be  possible  in  these  few 
introductory  observations  to  enter  upon  the  history  of  the 
progress  made  by  science  up  to  the  present  time  with  respect  to 
the  Brachiopoda  ;  suffice  it  to  say  that  since  the  first  species  was 
described  in  1606,  up  to  the  present  time,  our  knowledge  has 
been  steadily  increasing  and  that  we  are  now  acquainted  with  all 
the  most  important  anatomical  characters  of  the  animal,  as  well 
as  with  some  of  its  habits  in  life.  This  knowledge  has  greatly 
assisted  in  determining  the  characters  of  those  extinct  genera  of 
which  there  are  no  recent  representatives. 

The  name  Bracliiopod  (an  arm,  a  foot),  proposed  by  Cuvier  in 
1805,  was  not  a  fortunate  one,  but,  having  been  extensively 
adopted,  should  not  now  be  changed.  The  name  PalliahrancMata 
(a  mantle,  gills),  proposed  by  Blainville  in  1824,  would  have 
perhaps  been  preferable,  and  has  been   adopted   by    Professor 

It  was  during  the  Palreozoic  period  that  the  Brachiopoda 
predominated.  Dr  Bigsby  informs  me  that  from  a  conspectus 
in  his  new  Thesaurus  (now  in  the  press)  the  following  numbers  of 
Silurian,  Devonian,  and  Carboniferous  Brachiopoda  have  been 
given  with  due  regard  to  accuracy,  but  that  after  all  it  is  only  a 
careful  approximation  liable  to  future  disturbances  : — 


America.     Europe.  |    Total. 

The  Cambrian  and  Silurian, 

The  Devonian,             .... 

The  Carboniferous,     .... 

689 
577 
488 

733 

789 
383 

1422 
1366 
871 

1754          1905 

3659 

Therefore  out  of  some  871  described  species  from  the  Car- 
boniferous period,  about  40  of  Brachiopoda,  have  been  found  in 
the  Lothians  and  Fife,  but  several  of  them  are  far  spread  and 
cliaracteristic  species. 

*  Tn  flll  ])rohahilitv  not  much  niorp  than  half  that  number  rejiresent  the  real 
epeciea  of  the  Carboniferous  system. 
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INTRODUCTION   TO   THE   CARBONIFEROUS   BRACHIOPODA 
BY  ALEXANDER  SOMERVAIL. 

[The  following  was  read  as  a  communication  to  the  Society, 
and  afterwards  was  thought  would  form  a  suitable  introduction 
to  the  Catalogue.] 

The  Brachiopoda  being  essentially  marine  in  their  habitat,  are, 
with  but  a  very  few  exceptions,  confined  to  that  portion  of  our 
Carboniferous  system  known  as  the  Marine  Limestone  series, 
which  holds  nearly  a  central  position  in  the  formation  as 
developed  in  the  counties  of  the  Lothians  and  Fife.  They  are 
still  further  restricted  in  their  vertical  range,  being  confined  to 
the  beds  of  limestone  and  accompanying  shales,  which  form  but  a 
very  meagre  thickness  of  the  series.  From  the  intervening  strata 
of  sandstone,  ironstone,  fire-clay  and  coal,  they  are  absent,  these 
deposits  having  been  formed  under  conditions  widely  different 
from  the  beds  of  true  marine  limestone  containing  the  typical 
Brachiopoda. 

The  exceptions  alluded  to  are  the  genera  Lingula  and  Discina, 
which  are  not  only  among  the  lowest  forms  of  the  Brachiopoda 
in  point  of  organisation,  but  are  rather  anomalous  members  of  the 
class,  and  might,  without  much  violence  to  classification,  be 
erected  with  others  into  a  sub -class  by  themselves.  Those  two 
genera,  then,  Lingula  and  Discina,  have  a  much  greater  vertical 
range  than  those  to  which  I  shall  take  the  liberty  of  applying 
the  term  "  the  Brachiopoda  proper."  This  arises  from  the  nature 
of  their  habitat,  living  under  estuary  conditions,  under  which 
conditions  were  accumulated  the  greater  thickness  of  our 
Carboniferous  deposits,  the  muddy  bottoms  and  brackish  waters 
of  those  old  estuaries  being  favourable  to  their  existence  and 
growth,  while  an  imperfect,  or  no  maintenance  was  afforded  to 
such  genera  as  Terebratula,  Spirifer,  Rhynchonclla,  and  Productus. 
Both  Lingula  and  Discina  occur  as  low  as  the  Wardie  Shales  and 
reach  as  high  as  the  Upper  Coal  Measures.  In  none  of  the  pure 
limestone  beds  in  the  area  under  consideration  have  I  been  able 
to  detect  a  single  example  of  either  Lingula  or  Discina,  although 
they  are  both  very  common  in  the  underlying  and  overlying 
shales  that  accompany  the  limestone.  In  their  turn  they  appear 
to  have  been  just  as  much  affected  by  objective  relations  as  the 
other  forms  already  mentioned.  Examples  of  LHscina  nitidct  (the 
only  British  Carboniferous  species)  may  be  collected  from  most 
of  the  shales  that  are  in  close  proximity  to  the  beds  of  marine 
limestone  throughout  the  whole  of  the  area  in  question.  At 
Charleston  they  occur  in  a  bed  of  shale  overlying  the  thick 
limestone,  and  with  them  are  mingled  numerous  other  marine 
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organisms.  When  first  obtained  from  tlie  shale  they  are  of  a 
bright  blue  colour,  reminding  one  of  the  appearance  of  our  present 
Mytilus  after  the  epidermis  has  been  removed.  Another  locality 
for  Discina  may  be  mentioned,  as  it  is  nearer  home  and  of  much 
interest.  In  a  bed  of  shale  resting  immediately  above  one  of  the 
upper  limestones  exposed  in  Joppa  quarry  are  what  appear  to  be 
two  varieties  of  Discina  niticla,  one  of  small  size,  the  typical  form, 
and  of  a  dark  bluish-black  colour,  the  other  less  conical  in  shape, 
generally  of  a  lightish  brown  hue,  and  attaining  in  some  examples 
a  size  of  nearly  an  inch  in  diameter. 

Associated  with.  Discina  is  the  genus  Lingula,  ouly  two  species 
up  to  the  present  time  being  detected  in  the  district — Z. 
mytiloidcs  and  L.  squmaformis.  The  former  species,  as  far  as  my 
own  observation  goes,  appears  to  be  the  constant  companion  of 
Discina,  at  least  much  more  so  than  is  L.  squmnformis.  In  both 
of  the  beds  of  shale  referred  to  L.  mytiloidcs  is  abundant,  as  is 
Disciria,  without  a  single  example  of  L.  sqvmaformis  being 
found.  It  is  also  clear  from  this  and  other  instances  that  L. 
mytiloides  is  much  more  characteristic  of  marine  conditions  than 
is  Z.  squ7nc(fonnis,  which  is  of  frequent  occurrence  in  beds  of 
sliale  containing  profusion  of  plant  remains  pointing  to  inshore 
deposits,  and  the  presence  of  rivers  bearing  vegetable  drift  from 
the  land.  In  the  slaty-band  ironstones  of  Gilmerton  and 
Loanhead,  Z.  squmaformis  occurs  in  very  great  abundance,  with- 
out the  single  trace  of  a  true  marine  organism,  Z.  mytiloidcs  and 
Discina  being  entirely  absent  from  the  beds.  In  various  parts 
of  Fife,  as  at  Kirkcaldy,  and  in  various  localities  throughout  the 
Lothians,  I  have  observed  what  would  lead  to  the  same  conclu- 
sion, viz.,  that  Discina  and  Zingula  viytiloidcs  are  partners  of  like 
conditions,  from  their  being  constantly  associated  together,  and 
that  those  conditions  approached  more  closely  to  the  true  marine 
character  than  those  in  which  Zingula  squmaformis  flourished. 

Confining  my  remarks  to  what  I  have  taken  the  liberty  of 
terming  the  Brachiopoda  proper,  it  will  be  entirely  to  the 
]\Iarine  Limestone  series  as  developed  in  the  counties  of  the 
Lothians  and  Fife  that  attention  will  be  directed  ;  observing  the 
distribution  of  those  early  and  interesting  forms  of  Molluscan 
life  in  their  lateral  and  vertical  range ;  noting  what  species  are 
characteristic  of  certain  beds  ;  what  modilications  they  undergo 
by  their  passage  from  the  limestones  into  the  shales ;  and  the 
relative  abundance  of  the  individuals  and  species  of  each  genus. 

Over  the  area  with  which  we  have  to  do,  the  Marine  Limestone 
series  is  a  well-defined  one,  no  difficulty  being  felt  as  to  where 
it  begins  and  where  it  closes.  The  limestone  of  Burdiehouse, 
from  the  difference  in  its  mineralogical  asj^ect,  and  the  opposite 
nature  of  its  organic  remains,  gives  us  a  good  starting-point  as  a 
base,  while  the  red  gritty  sandstones  and  conglomerates,  termed 
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the  millstone  grit, caps  or  terminates  the  series.  Above  this  horizon 
or  roof  no  Brachiopod  proper  has  been  found  in  the  district,  and  the 
same  remark  holds  equally  true  with  regard  to  the  great  thickness 
of  beds  which  underlie  the  limestone  of  Burdiehouse.  The  series 
of  intermediate  rocks,  or  Carboniferous  limestones,  as  they  are 
sometimes  termed,  are  the  undoubted  equivalent  of  the  Mountain 
Limestone  of  England.  The  beds  of  limestone  form  but  a  meagre 
thickness  of  the  group,  in  our  own  county  the  aggregate  thickness 
of  all  the  separate  limestones  probably  not  amounting  to  more  than 
50  feet,  while  the  thickness  of  the  whole  group  in  which  they  are 
contained  is  set  down  by  the  Survey  as  being  over  1500  feet.  In 
East  Lothian  we  have  almost  exactly  the  same  development  of 
limestones  repeated,  each  bed  having  nearly  the  same  average 
thickness,  so  that  no  great  difficulty  is  felt  in  correlating  them 
with  these  of  our  own  immediate  neighbourhood.  Very  fine 
sections  of  those  limestones  are  exposed  on  the  shore  between 
Longniddry  and  Aberlady  Bay,  where  some  of  the  beds  are 
remarkable  for  the  abundance  of  corals  they  contain,  also  for  the 
many  species  of  Brachiopods  which  may  be  collected  from  them. 
In  West  Lothian  the  limestones  attain  a  much  greater  thickness, 
and  bear  a  closer  resemblance  to  the  Mountain  Limestone  of 
England.  At  Bathgate  one  of  the  beds  alone  is  nearly  80  feet 
thick,  but  this  prevails  to  no  extent,  rapidly  thinning  out  on  all 
sides,  impressing  one  with  the  idea  of  having  been  formed  in  an 
isolated  trough  of  the  sea-bottom.  In  Fife  and  its  neighbourhood 
it  reaches  to  a  considerable  thickness,  as  at  Kirkcaldy,  but  more 
especially  at  Charleston,  where  it  again  resumes  the  character  of 
the  Mountain  Limestone,  attaining  a  thickness  of  70  feet,  and 
containing  a  much  greater  variety  of  organic  remains  than  any 
other  limestone  in  the  whole  area,  with  perhaps  the  exception  of 
Bathgate,  which  it  much  resembles  both  with  regard  to  its  fossil 
contents  and  lithological  aspect. 

Ail  the  limestones  we  have  mentioned  belong  to  the  lower 
group,  which  is  the  thicker  and  more  important  one.  The 
higher  group  consist  of  a  few  thin  beds,  often  impure,  being 
mixed  with  other  mineral  matter,  such  as  iron,  and  known 
as  cement  stone,  the  limestone  exposed  in  Joppa  quarry  being  an 
example  of  this  kind.  The  limestones  composing  the  higher 
group  are  more  widely  separated  from  each  other  by  intervening 
strata  of  coal,  and  in  some  districts  nearly  disappear.  They, 
moreover,  contain  far  fewer  embedded  remains,  less  perfectly 
preserved,  and  having  a  less  decided  marine  aspect  when  taken 
in  a  collective  form.  It  would  seem  as  if  the  subsiding  process 
which  gave  rise  to  the  thick  limestones  of  the  lov/er  group  had 
been  gradually  on  the  decline  until  the  close  of  the  higher  lime- 
stones, where  it  apparently  ceased,  elevating  movements  giving 
rise  to  those  valuable  deposits  known  as  the  Upper  Coal  Measures. 
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I  have  deemed  it  necessary  to  make  those  few  remarks 
regarding  the  lithological  aspect  of  our  Marine  Limestone  series, 
in  order  that  we  may  better  comprehend  the  relations  existing 
between  the  forms  of  life  we  are  considering  and  the  rocks  in 
which  they  are  contained. 

Passing  now  to  the  main  feature  of  the  paper,  and  in  order  to 
avoid  confusion  and  repetition  as  much  as  possible,  we  will  take 
the  respective  families  of  the  Brachiopod  as  they  occur  in  their 
zoological  order,  beginning  with  the  higher  forms.  It  is  not, 
however,  intended  to  enter  into  any  lengthened  detail,  as  this 
will  be  found  in  the  catalogue  which  follows. 

Family  Tekebratuliu^. 

Under  this  family  we  have  only  the  single  genus  Terehratula 
occurring  in  our  Carboniferous  system,  which  includes  but  one 
species,  of  which,  however,  there  are  three  varieties.  The 
species  is  T.  hastata,  the  varieties  are  sacculus,  vcsicAilaris,  and 
Gillingensis,  all  of  which  occur  in  our  limestones.  The  var. 
sacculus  and  Gillingensis  occur  in  considerable  abundance  in 
nodules  of  limestone  contained  in  a  bed  of  shale  which  lies  below 
the  limestone  wrought  at  Cousland,  near  Dalkeith.  It  is  worthy 
of  remark  that  although  Terehratula  is  abundant  in  this  nodular 
shale,  not  a  single  example,  so  far  as  I  am  aware,  passes  up  into 
the  pure  limestone  above,  which  is  hard  and  crystalline,  and 
almost  destitute  of  the  many  beautiful  forms  found  in  the  shale 
beneath.  The  var.  vcsicularis  is  the  rarest  form  of  the  three ;  it 
occurs  in  the  thick  limestone  of  Bathgate  and  Charleston  along 
with  the  var.  saccuhis,  which  at  the  last  named  locality  occurs  in 
a  young  state,  forming  the  almost  entire  mass  of  the  rock  in 
some  parts  of  its  bed.  Terebratnla  in  one  or  other  of  its  varieties 
is  found  over  the  whole  area  with  which  we  are  dealing, 
principally  in  the  lower  group  of  limestones,  occasionally  in  the 
higher,  but  not  common. 

Family  Spiriferid^. 

The  family  Spirifcridm  is  one  of  considerable  importance  in 
our  Carboniferous  rocks.  The  genera  included  under  it  are 
Hinrifer,  sub-genus  Spirifcrina,  and  the  genera  Athyris  and 
Hetzia.  The  genus  Spirifer  is  a  very  common  and  characteristic 
form  in  our  limestones,  and  of  it  eight  species  have  been  recorded. 
The  most  numerous  of  those  are  >S^.  Urii,  lineata,  glabra,  and 
trigonalis.  The  latter  species  is  perhaps  the  most  variable  of  all 
the  species.  In  the  bed  of  nodular  shale  already  referred  to  at 
Cousland  they  occur  in  great  numbers,  quite  entire,  in  a  beauti- 
ful state  of  preservation,  and  highly  interesting  from  the  many 
different  forms  they  assume,  as  many  as  six  or  eight  well-marked 
varieties  in  my  collection  being  from    that    locality  alone.     S. 
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lineata  is  certainly  one  of  the  most  common  of  all  the  species 
mentioned,  ranging  from  the  lowest  to  the  highest  bed  of  lime- 
stone over  the  whole  area.  In  the  old  range  of  quarries  at 
Gilmerton,  near  our  city,  good  examples  of  this  species  may  be 
collected.  In  the  limestone  at  present  wrought  at  Middleton  and 
Esperston,  *S'.  lineata  is  very  common,  well  preserved,  some  of 
large  size,  an  example  in  my  collection  measuring  nearly  20  lines 
in  length,  which  is,  so  far  as  I  am  aware,  large  for  a  Scottish 
example,  although  small  in  comparison  with  large  varieties  from 
the  Mountain  Limestone  of  England.  The  rarer  species  are 
duplicicostata,  ovalis,  and  pingtiis,  which  as  yet  appear  to  be  con- 
fined to  the  lower  group  of  limestones. 

The  sub-genus  Sjnrifcrina  is  as  yet  represented  by  only  one 
species,  S.  cristata,  var.  octo2)licata.  It  has  only  been  detected 
in  the  lower  limestones.  At  Bathgate  and  Charleston  it  is  not 
uncommon.  It  also  occurs  in  the  limestone  of  Longniddry  and 
at  Aberlady  Bay,  but  not  a  single  example  has  yet  been 
obtained  from  the  limestones  of  Mid-Lotliian. 

The  genus  Athyris,  which  includes  three  species,  amhigua, 
Reyssii,  and  jjlanosidcata ,  is  an  abundant  form  in  our  limeetones 
and  shales,  especially  the  species  amhigua.  In  a  bed  of  shale 
accompanying  one  of  the  lower  limestones  exposed  on  the  beach 
near  Aberlady,  this  species,  along  with  Itlujnchonella  jyleurodon, 
and  perhaps  an  occasional  form,  makes  up  the  entire  bed.  This 
shale  is  being  continually  broken  up  by  the  action  of  waves,  which 
leaves  the  embedded  fossils  in  an  entire  and  perfect  state 
scattered  over  the  beach  in  such  great  numbers  that  of  Athyris 
amhigua  alone  a  thousand  specimens  might  be  collected  within 
an  hour  if  they  were  desired.  They  occur  in  all  stages  of  growth, 
young  and  old,  and  the  varieties  of  form  are  so  numerous  and  dis- 
tinct that,  if  the  species  were  not  known  to  be  a  variable  one, 
one  might  with  good  cause  imagine  that  he  possessed  some  half 
a  dozen  well-detined  species.  In  one  of  the  lower  limestones 
wrought  at  Bogie,  near  Kirkcaldy,  the  same  species  is  very 
abundant  in  the  overlying  shale,  but  here  it  is  associated  with 
Reyssii  and  planosulcata,  both  of  which  are  common  enough, 
especially,  Reyssii,  which  is  next  to  amhigua  in  point  of  numbers. 
All  the  three  species  of  Athyris,  besides  the  localities  mentioned, 
may  be  collected  from  the  thick  limestones  of  Bathgate  and 
Charleston,  also  from  Mid-Lothian,  all  the  three  species  occurring 
in  the  lower  limestone  of  our  neighbourhood. 

The  genus  Rdzia,  which  concludes  the  family  Spiriferidw,  is 
represented  by  only  one  species,  R.  radialis,  which  is  very  rare 
in  onr  district,  being  only  known  from  three  localities ;  one  of 
thes3  is  Bogie,  near  Kirkcaldy,  where  it  occurs  in  the  bed  of 
shale  along  with  Athyris,  and  the  other  Charleston,  both  belonging 
to  the  lower  group  of  limestones. 
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Family  Rhynchonellid^. 

The  Family  Rhynclionellidce  has  only  two  genera  to  represent 
it  in  the  Carboniferous  system,  which  are  Rhynchonclla  and 
Camaro])horia,  the  former  geuus  very  common,  the  latter  very 
rare.  Rhynclwnella  includes  only  two  species  in  our  Scottish 
Carboniferous  system,  while  as  many  as  10  species  are  recorded 
from  the  Mountain  Limestone  of  England.  R.  pleurodon  is  the 
smaller  and  more  common  of  the  two.  In  the  bed  of  shale 
already  mentioned  at  Aberlady  it  is  nearly  as  abundant  as 
Athyris  «?/i&/y2ia,  thousands  of  examples  covering  the  beach,  with 
which  occurs  a  small  flat  variety,  in  which  the  mesial  fold  and 
sinus  are  absent  or  nearly  so.  Rhynclwnella 2dcurodon  and  jyvgnus 
occur  together  in  the  nodular  shale  already  referred  to  at 
Cousland.  They  occur  also  at  Bathgate,  Charleston,  Kirkcaldy, 
and  other  parts  of  Fife  in  the  lower  group  of  limestones.  R. 
jjleurodon  is  likewise  common  in  most  of  the  upper  limestones, 
while  puynus  is  rather  rare,  being  principally  confined  to  the 
lower  beds. 

Camaroplioria  is  a  very  rare  form  indeed  in  the  rocks  of  our 
neighbourhood  :  two  distinct  species  are  known,  equally  rare,  C. 
crumcna  and  C.  glohidina.  The  former  species  is  found  in  the 
thick  limestone  of  Bathgate,  the  latter  species  in  the  limestone 
of  Charleston. 

Family  Steophomexid.e. 

This  family  includes  the  type  genus  Stropliomena,  the  sub- 
genus Streptorhynchus,  and  the  genus  Orthis.  Stropihomcna 
rhomboidalis  is  the  only  known  British  Carboniferous  species. 
In  the  west  of  Scotland  two  varieties  are  mentioned  in  the 
catalogue  of  Messrs  Young  and  Armstrong  as  occurring  in  a 
number  of  localities,  but  only  in  one  instance  have  I  been  able 
to  detect  this  form  throughout  the  whole  area  of  the  Lothians 
and  Fife.  The  locality  is  Bathgate,  where  it  occurs  rather 
sparingly  in  the  limestone  wrought  at  Petershill. 

The  sub-genus  Stroptorhynchus,  although  represented  by  but 
one  species,  S.  cirnistria,  is  a  common  form  over  the  whole  area, 
both  in  the  lower  and  upper  limestones.  At  Charleston  it 
occurs  in  great  numbere  in  the  shale  resting  above  the  limestone, 
beautifully  preserved,  its  long  straight  hinge  line  being  seen  to 
much  advantage,  butdifhcult  of  removal  from  the  soft  aud  friable 
nature  of  the  shale  in  which  it  is  contained.  Among  other 
localities  for  this  shell  may  be  mentioned  Bathgate,  Kirkcaldy, 
Gilmerton,  Middleton,  Longniddry  in  the  lower  limestones;  and 
Dysart,  I'enicuick,  Prestonpans,  and  Cockenzie  in  the  upper 
limestones. 

The  genus  Orthis  includes  tvvo  species,  0.  Micheli?ii  and  0. 
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resupinata,  both  of  whicli  are  equally  common  in  the  lower  and 
upper  limestones.  In  most  localities  they  appear  to  be  far  more 
abundant  in  the  shale  than  in  the  pure  beds  of  limestone.  • 
Bogie,  near  Kirkcaldy,  may  be  mentioned  as  one  locality  where 
the  two  species  may  be  readily  obtained  from  the  weathered 
shale  heaps  around  the  quarry. 

The  concluding  family  is  Produdidce,  which  includes  the  type 
genus  Produdus  and  the  sub-genus  Chonctes.  The  genus  Fro- 
ductus  is  the  great  characteristic  form  of  the  Carboniferous 
Limestone  formation.  No  other  genus  among  the  Brachiopoda 
contains  so  many  species,  and  none  are  more  plentiful  in 
individuals.  The  number  of  species  obtained  from  the  limestone 
and  shales  of  the  district  is  sixteen,  the  most  common  of  which 
are  P.  scmiref.iculatus,  P.  longispinus,  P.  giganteiis,  P.  latissimus, 
and  P.  pundatus.  The  rarer  species  are  P.  cora,  P.  spirmlosus, 
P.  mesolobus,  and  P.  pustulosus.  Among  the  species  mentioned 
as  being  common  P.  semireticulatus  and  P.  lo7igispinus  are  notably 
so  both  in  the  upper  and  lower  limestones  and  shales,  from  which 
they  may  be  collected  in  any  or  every  locality.  The  species 
latissimus  almost  makes  up  the  entire  mass  of  the  limestone 
exposed  in  Joppa  quarry,  which  has  been  mistaken  for  P. 
gigantcus,  for  which  species  it  is  set  down  at  page  100  of  the 
Geological  Survey's  "  Memoir  on  the  Geology  of  the  Neighbour- 
hood of  Edinburgh."  The  same  species  is  met  with  in  the  same 
bed  at  Penicuick,  covering  the  entire  surface  of  the  limestone  as 
it  does  at  Joppa,  giving  it  a  distinguishing  feature  by  which  it 
can  be  easily  recognised.  Eegarding  the  rarer  and  other  species 
not  mentioned,  details  will  be  given  in  the  catalogue. 

The  sub-genus  Chonetcs  comprises  the  species  Hardrensis, 
polita,  and  comoides.  The  latter  species,  however,  it  will  be 
better  to  regard  as  provisional  until  it  has  been  examined  by  Mr 
Davidson.  C.  polita  occurs  in  tlie  shale  resting  above  the  lime- 
stone at  Gilmerton,  and  is  as  yet  the  only  locality  for  this  species 
that  I  am  acquainted  with.  Chonctes  Hardrensis  is  very  common, 
and  is  found  in  most  of  the  shales  associated  with  both  the  upper 
and  lower  limestones.  It  occurs  at  Kirkcaldy,  Charleston, 
Bathgate,  Gilmerton  in  the  upper  beds,  and  at  Dysart,  Penicuick, 
Cockenzie,  and  Prestonpans  in  lower.  The  doubtful  species, 
comoides,  is  from  the  highest  bed  of  the  lower  limestones  formerly 
quarried  at  Mayfield,  near  Dalkeith.  I  have  repeatedly  found 
fragments  of  this  shell  in  the  same  limestone ;  but  I  now  possess 
a  nearly  perfect  example,  the  fragments  before  met  with  showing 
that  it  is  no  solitary  individual,  and  may  yet  turn  up  in  some 
other  locality.  This  terminates  what  I  have  termed  the  Brachio- 
poda proper,  or  what  are  sometimes  called  the  articulated 
Brachiopoda,  all  of  which  are  confined,  as  already  remarked,  to 
the  Marine  Limestone  series,  none  passing  into  the  Upper  Coal 
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Measures  above,  or  into  the  great  thickness  of  beds  which  lie 
below  the  limestone  of  Burdiehouse.  The  only  form  of  the 
unarticulated  Brachiopods  which  is  confined  to  the  Marine  Lime- 
stone series  is  the  genus  Crania,  living  as  a  parasite,  or  at  all 
events  fixing  itself  and  growing  on  other  marine  organisms,  as 
on  the  stalks  of  the  encrinite,  where  it  may  be  frequently  found. 
Tt  occurs  at  Charleston,  Kirkcaldy,  and  Invertiel  in  the  manner 
indicated. 

This  concludes  the  genera  of  the  Brachiopoda  as  found  in  the 
Carboniferous  system  as  developed  in  the  counties  of  the  Lothians 
and  Fife,  with  the  exception  of  the  genus  Strophalosia  mentioned 
by  the  Survey  as  occurring  at  Valleyfield,  near  Penicuick,  in  one 
of  the  upper  limestones.  The  occurrence  of  this  species,  I  think, 
is  doubtful,  as  it  is  not  known  to  occur  in  the  Carboniferous 
system  of  any  other  part  of  Britain.  In  all  likelihood  it  may 
have  been  mistaken  for  Strophalosia,  being  only  one  of  the  long, 
sleuder-spined  Produdus. 

Such  are  a  few  facts  connected  with  the  distribution  of  the  Bra- 
chiopoda in  the  Carboniferous  rocks  of  Edinburgh  and  the  adjoin- 
ing counties.  From  the  county  of  Mid-Lothian  upwards  of  40 
species  are  now  known  ;  while  in  1862,  when  ]\[r  i)avidson  had 
finished  his  great  work  on  the  Carboniferous  Brachiopoda,  only 
18  species  were  then  known,  so  that  their  number  now  is  more 
than  doubled.  Throughout  the  whole  area  we  have  now  found 
all  the  genera  common  to  the  west  of  Scotland,  and  all  the  species 
with  but  two  or  thi^ee  exceptions,  but  these  will  doubtless  be 
added  to  by  still  further  research.  As  far  as  our  knowledge  of  the 
Brachiopoda  contained  in  the  Carboniferous  rocks  of  the  Lothians 
and  Fife  at  present  extends,  I  do  not  think  we  are  warranted  in 
affirming  that  we  are  able  to  recognise  and  correlate  beds 
in  distant  localities  by  the  occurrence  of  special  forms,  or 
positively  to  assert  that  certain  forms  are  peculiar  to  certain 
beds.  The  only  instance  I  know  of  where  this  may  be  done  is 
the  fourth  highest  bed  of  limestone,  which  at  various  localities  is 
charged  with  Produdus  latissimv.s,  a  form  which  characterises 
this  bed  from  all  the  others.  This  form,  however,  may  only  be 
local,  and  in  some  more  distant  locality  may  become  rare,  and 
its  place  be  plentifully  taken  by  forms  which  are  rare  where 
Produdus  latissimus  prevails.  When  our  knowledge  is  more 
extensive,  a  step  may  be  taken  in  this  direction,  not,  however, 
limiting  distinctions  to  the  Brachiopoda  alone,  but  calling  in  the 
aid  of  the  other  organisms  which  are  contained  in  the  limestones 
and  shales  in  order  to  specialise  and  correlate  different  and 
distant  beds. 

When  we  compare  the  total  number  of  species  of  the  Brachio- 
poda obtained  from  the  Carboniferous  deposits  of  the  whole  of 
Scotland  with  those  obtained  from  the  Mountain  Limestones  of 
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England,  we  are  at  once  struck  with  our  great  poverty  of  species. 
From  the  whole  of  our  Scottish  de])osits  only  51  species  have 
been  obtained,  while  from  England  as  many  as  112  species  have 
been  recorded.  The  following  is  a  table  giving  the  genera  and 
the  number  of  species  occurring  in  the  Carboniferous  system 
of  both  countries,  which  will  also  assist  in  giving  us  an  intelligent 
idea  of  the  manner  in  which  the  deficiency  exists  in  our  system. 
This  table  I  have  extracted  from  Mr  Davidson's  lists,  leaving 
out  the  species  peculiar  to  Wales  and  Ireland. 

Table  showing  the  number  of  Species  of  each  Genus  in  the 
Carboniferous  Limestones  of  England  and  Scotland. 


Genera. 

Species  in 
England. 

Species  in 
Scotland. 

Terebratula,         .... 
Athyris,               .... 

Retzia, 

Spirifer, 

Spiriferina,          .... 

Cyrtina, 

Rhynchonella,     .... 
Camarophoria,     .... 
Strophomena,      .... 
Streptorhynchus, 

Orthis, 

Productus,            .... 

Chonetes, 

Crania, 

Discina, 

Lingula,      .         .         .         •         . 

Total,     .... 

5 
9 
2 

22 
5 
2 

10 
3 
1 
3 
4 

33 
6 
2 
1 
4 

3 
3 

1 
7 
3 
0 
2 
2 
1 
1 
2 
18 
3 
1 
1 
3 

112                    51 

Erom  this  list,  which  includes  16  genera,  it  will  be  seen  that 
the  genus  Cyrtina  is  altogether  absent  from  our  limestones,  or 
has  not  yet  been  discovered,  and  that  in  every  case,  with  the 
exception  of  Strophomena  and  Discina,  which  are  represented 
by  one  species  in  both  countries,  the  species  included  under  each 
genus  is  greatest  in  England,  and  most  notably  so  in  Productus, 
Spirifer,  Rhynchonella,  and  Athyris. 

Along  with  our  paucity  of  species  there  is  another  fact, 
intimately  connected,  and  which  in  all  likelihood  is  traceable  to 
the  same  cause  or  causes,  that  is  the  dwarfed  condition  of  many 
of  our  Scottish  examples,  a  fact  evident  to  all  who  have  handled 
or  seen  the  large  Producti,  Phynchonellas  and  Spirifers  from 
the  Mountain  Limestone  of  England. 

Whatever  other  minor  causes  may  have  been  in  operation  in  so 
limiting  the  number  of  our  Scottish  species,  and  in  preventing 
their  full  development  and  growth,  it  is,  I  think,  clear  that  the 


80  EDINBUIUJFI  GEOLOGICAL  SOCIETY. 

major  cause  is  the  much  greater  instability  of  couditiotis  which 
prevailed  over  our  area,  repeatedly  raising  the  sea-bottoiu  above 
the  depth  favourable  to  the  well-being  of  this  class  of  nioUuscan 
life.  This  disturbing  movement,  although  checking  the  growth 
of  our  species,  does  not  appear  to  have  had  much  effect  in 
diminishing  the  number  of  individuals,  which  are  plentiful 
enough  in  our  limestones  and  shales ;  but  what  it  has  certainly 
accomplished  is,  it  has  prevented  and  acted  as  a  barrier  to  the 
migration  of  many  species  from  the  more  peaceful  and  deeper 
seas  w^hich  prevailed  over  the  English  area.  That  deeper  seas 
and  more  peaceful  conditions  prevailed  over  the  English  area  is 
attested  by  the  much  more  massive  structure  of  the  limestones, 
aud  by  the  numerous  and  perfect  heads  of  the  stone  lilies  which 
they  contain.  These  lilies  fell  on  the  bottom  of  the  old  ocean 
bed  in  still  water  which  had  not  the  power  to  sever  the  links 
that  make  up  their  fragile  and  graceful  forms,  which  have  been 
sadly  mutilated  in  the  shallower  and  more  agitated  seas  that 
once  covered  our  own  area. 

There  is  no  better  proof  of  the  instability  of  conditions  that 
prevailed  over  our  country  than  that  presented  by  the  lithological 
aspect  of  our  limestone  series.  The  beds  of  limestone  are  meagre 
in  thickness,  few  in  number,  and  widely  separated  from  each 
other  by  beds  of  sandstones,  ironstones,  coals,  &c., — the  whole 
aggregate  thickness  of  limestones  being  inferior  to  the  Yoredale 
or  upper  series  of  the  English  Mountain  Limestone. 

Although  our  Scottish  limestones  are  sometimes  divided  into 
upper  and  lower  to  correspond  with  the  classitication  adopted  in 
England,  yet  it  is  extremely  doubtful  if  we  have  the  lower  group 
of  that  country  represented  at  all.  During  the  deposition  of  the 
great  Scar  limestone  group  it  seems  highly  probable  that  our 
great  thickness  of  Lower  Carboniferous  sandstones  and  shales 
was  being  accumulated  in  shallow  estuaries  unfitted  for  the 
habitat  of  the  higher  Brachiopoda,  containing  only  such  forms  as 
Lingula  or  a  few  genera  of  Gasteropod  and  Lamellibranch  shells, 
or  an  occasional  marine  limestone  form,  such  as  is  sometimes 
found  in  the  Wardie  shales. 

It  is  to  this  departure  from  the  conditions  under  which  the 
Mountain  Limestone  of  England  was  formed,  that  I  would  assign 
the  cause  of  our  poverty  in  species, — our  shallower  seas,  more 
disturbed  by  volcanic  action,  acting  as  a  barrier  and  preventive 
to  the  migration  of  numerous  species  divided  by  no  great  area 
or  distance  of  area  from  each  other,  yet  separated  by  objective 
relations  which  were  sufficient  to  prevent  those  absent  from  our 
limestones  finding  a  ready  passage  to  or  a  maintenance  in  our 
Scottish  Carboniferous  seas. 

It  might  with  seeming  good  reason  be  urged  that  our  poverty 
of  species  is  not  so  much  the  result  of  any  great  departure  from 
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the  conditions  under  which  the  Mountain  Limestone  of  England 
was  deposited,  as  from  the  limited  area  covered  by  our  Scottish 
beds.  This  will  in  no  way  be  found  to  explain  the  dwarfed  con- 
dition of  many  of  our  species  of  Brachiopoda.  Further,  I  think 
it  can  be  very  satisfactorily  shown  that  in  our  own  country 
extent  of  area  assists  us  little  or  nothing  in  augmenting  our 
number  of  species.  In  the  west  of  Scotland,  after  much  patient 
research  50  species  have  been  obtained.  In  the  east,  or  basin  of 
the  Forth,  after  considerable  investigation,  the  number  has  not 
been  increased.  Very  nearly  the  same  number  has  been 
obtained,  species  for  species,  so  that  the  smaller  area  covered  by 
the  Scottish  Carboniferous  Limestones  in  no  way  explains  the 
paucity  of  our  species. 

There  is  one  interesting  fact  connected  with  our  limestones, 
and  one  which  certainly  bears  out  the  conclusion  of  a  departure 
from  the  conditions  under  which  the  typical  limestones  of 
England  were  formed.  This  fact  is  that,  wherever  our  limestones 
thicken  out,  or  come  together,  as  at  Bathgate  and  Charleston,  the 
fauna  become  more  abundant,  and  the  Brachiopoda  with  which 
we  are  specially  dealing  are  larger  in  size  ;  and  a  greater 
number  of  species  can  be  collected  from  one  locality  than  in 
districts  where  the  limestones  are  thin  and  split  up  by  sandstones 
and  shales,  simply  because  in  those  parts  of  the  country  where 
the  limestones  are  massive,  the  normal  conditions  under  which  the 
Mountain  Limestone  of  England  was  formed  have  been  restored 
or  have  been  less  departed  from. 

CATALOGUE. 

I.  Upper  Silurian  Brachiopoda  of  the  Lothians  and  Eife. 
Teetenterata. 

Crania  implicata,  Sow.,  Dav.  Sil.  Mon.     PI.   viii.   figs,   13-18. 

Wenlock  shale,  North  Esk  Eeservoir,  Pentland  Hills,  com- 
mon ;  colL  of  D.  J.  B.* 
Discina  rugata,  Sow.,  Dav.  Sil.  Mon.     PI.  v.  figs.  9-18.     Wenlock 

and  Ludlow,  North  Esk ;  coll.  of  J.  H. 
Dtscma  f^Wa to,  Sow.,  Dav.  Sil.  Mon.     PI.  vi.  figs.  1-4.    Wenlock, 

North  Esk ;  coll.  of  J.  H. 
Lingula    lata,   Sow.,   Dav.     Sil.   Mon.      PI.    iii.     figs.   40-44. 

Ludlow,  North  Esk,  rare  ;  coU.  of  D.  J.  B. 
Lingula  Lcwsii,  Sow.,  Dav.  Sil.  Mon.    PI.  iii.  figs.  1-6.    Wenlock 

shale.  North  Esk,  rare  ;  coll.  of  J.  H. 
Orbiculoidea    Forbesii,   Dav.    Sil.   Mon.      PI.    vii.   figs.    1^18. 

Wenlock  shale,  North  Esk,  rare ;  coll.  of  J.  H. 

*  Collections  in  which  fossils  were  at  the  time  the  Catalogue  was  prepared  are 
marked  with  the  initials  of  names  of  members  of  the  committee. 
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Clistentekata. 
Aihyris?  comjrressa,  Sow.,  Dav.  Sil.  Mon.      PL  xii.  figs.  16-18, 

Wenlock  shale,  Gutterford  Burn,  North  Esk,  Habbies  Howe, 

common,  very  plentiful  in  the  lower  beds ;  coll,  of  J.  H.  and 

D,  J,  B. 
Atrypa   retiadaris   Lev.,  Dav.  Sil,  Mon,      PI.  xiv.   figs.  1-22. 

Wenlock,  North  Esk,  common  ;  coll.  of  D,  J,  B.  and  J,  H. 
Chonetes  siriatella,  Dalm.,  Dav.  Sil,  Mon.     PI,  xlix.  figs.  23-26. 

Wenlock,  North  Esk,  rather  rare  ;  coll.  of  J.  H. 
Lq)tcena  transversalis,  Dalm,,   Dav.  Sil.    Mon.     PI.  xlviii.  figs. 

1-9.     Wenlock,  North  Esk,  very  common ;  coll,  of  J,  H,  and 

D.  J.  B. 
Meristella  Madareni  ?    Has.,  Dav.  Sil.  Mon.     PI,   xii.  fig.  20, 

Ludlow  shale.  North  Esk,  doubtful  species. 
Meristella  tumida,  Dalm.,  Dav.  SiL    Mon.     PI.  ii.    figs.   1-13. 

Wenlock  shale,  North  Esk,  common  ;  coll.  of  J.  H.  and  D.  J.  B. 
Nucleospira  frisium,  Sow.,  Dav.  Sil.  Mon.      PI.  x.  figs.  18-20. 

Wenlock    shale,  North  Esk,   common ;   coll.   of  J.   H.   and 

D.  J.  B. 
Orthis  hiloha,    Linn.,    Dav.   Sil.   Mon.      PI.   xxvi.    figs.   11-15. 

Wenlock,  North  Esk,  common ;  coll.  of  J.  H.  and  D.  J.  B. 
Orthis  elegantvla,  Dalm.,  Dav.    Sil.  Mon.     PI.  xxvii.  figs.  1-9. 

Wenlock,  North  Esk,  fine  specimens,  very  plentiful ;  coU.  of 

J.  H.  and  D.  J.  B. 
Orthis  Lewisii,  Dav.  Sil.  Mon.     PI.  xxvi.  figs.  4-9,     Wenlock, 

North  Esk  ;  colL  of  J.  H.  and  D.  J.  B. 
Orthis  polygramma,  Sow.,  Dav.  Sil.  Mon.    PI.  xxix.  figs.  1-10. 

Wenlock,  North  Esk,  plentiful,  fine  specimens ;  colL  of  J.  H. 

and  D.  J.  B. 
Rhynchonclla  nucula,  Sow.,  Dav.  Sil.  Mon.      PI.  xxiv.  figs.  1-7. 

Wenlock,  North  Esk,  common ;  coll.  of  D.  J.  B.  and  J.  H. 
Ithynchonella  Pentlaiulica  ?  Has.,  Dav.  Sil.  Mon.     PI.  xxii.  figs. 

9-19.     Ludlow,  North  Esk,  common,  one  bed  being   nearly 

made  up  of  the  form.      Two  varieties,  Coll.  of  J.   H.   and 

D.  J.  B. 
Rhynchonclla   Wilsoni,  Sow.,  Dav.  Sil.  Mon.     PI.  xxiii.  figs.  1-9. 

Wenlock,  North  Esk,  plentiful ;  coll.  of  J,  H.  and  D.  J.  B. 
Spirifer   crispus,    Linn.,    Dav.    Sil.    Mon.     PI.    x.    figs.    12-15. 

Ludlow,  North  Esk,  two  specimens  obtained ;  coll.  of  J.  II. 

and  D.  J.  B. 
Spirifer  exporrecta,  Wald.,  Dal.  Sil.  Mon.     PI.  ix.  figs.  13-24. 

Wenlock  shale,  North  Esk,  common  ;  coll.  of  J.  H.  aud  D.  J.  B. 
Strop)home.na  antiquata,  Sow.,  Dav.  Sil.  Mon.     PI.  xliv.  figs.  2-13 

and  21-22.      Wenlock,  North  Esk  ;  coll.  of  J.  H.  and  D.  J.  B. 
Strophomcna   applanata,    Sal.,   Dav.    Sil.    Mon.     PI.    xliii.   figs. 

12-14.     Wenlock,  North    Esk,  common;   coll.  of  J.  H.  and 

D.  J.  B. 
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Strophomena   Hendersoni,   Dav.    Sil.    Mon.      PL    xliii.    fig.    15. 

Wenlock,   North   Esk ;    coll.  of  J.   H.   only.      2   specimens 

found. 
StrojJhomena  pecten,^^^!.,  Dav.  Sil.  Mon.      PI.  xliii.  figs.  1-11. 

Wenlock,  North  Esk,  casts  very  common,  the  shell  itself  rare  ; 

coU.  of  J.  H.  and  D.  J.  B. 
Strophomena  rhomhoidalis,  Wahl.,  Dav.  Sil.   Mon.      PI.  xxxix. 

figs.  1-21.     Wenlock,  North  Esk,  plentiful;  coll.  of  J.  H.  and 

D.  J.  B. 
Strophomena   Walmstedii, ,  Dav.  Sil.  Mon.     PI.  xl.  figs. 

&-'6.     Wenlock,  North  Esk,  rare,  large  specimens  ;  coll.  of  J.  H. 

and  D.  J.  B. 

II.  Cahboniferous  Beachiopoda  of  the  Lothians  and  Fife. 
Teetenterata. 

Discina  nitida,  Pliill.,  Dav.  Carb.  Mon.  PI.  xlviii.  figs.  18-26. 
Upper  Limestone  series,  Joppa  Quarry,  Kirkcaldy;  Lower  Lime- 
stone series,  Bathgate,  Charleston,  Kinning  Point,  Whitefield 
quarries,  Catcraig.  Common  at  all  the  localities  mentioned  ; 
it  also  occurs  as  low  as  the  Wardie  shales.  Coll.  of  J.  H , 
D.  J.  B.,   A.  S. 

Lingula  7nytiloides,Sow.,'D&v.  Carb.  Mon.  PI.  xlviii.  figs.  29-30. 
Upper  Limestone  series,  Joppa;  Lower  Limestone  series, 
Gilmerton,  Bathgate,  Charleston,  the  Esk  at  Habbies  Howe, 
Catcraig.  Also  occurs  in  the  Wardie  shales.  Coll.  of  J.  H , 
D.  J.  B.,  A.  S. 

Lingula  squmaformis,  Phill.,  Dav.  Carb.  Mon.  PI.  xlix.  figs. 
1-12.  Upper  Limestone  series,  Kirkcaldy  ;  slaty  band  iron- 
stone, Gilmerton  and  Loanhead;  Lower  Limestone  series, 
Bathgate,  Charleston,  Kinghorn,  Skateraw.  Very  common. 
Coll.  of  J.  H.,   D.  J.  B.,   A.  S. 

Clistenterata. 

Athyris  amhigua,  Sow.,  Dav.  Carb.  Mon.  PI.  xvii.  figs.  1 1-14. 
Lower  Limestone  series,  Middleton,  Esperston,  Gosford,  Bath- 
gate, Charleston,  Kirkcaldy,  Bogie  quarry,  Skateraw.  Very 
common.     Coll.  of  J.  H.,   D.  J.  B.,    A.  S. 

Athyris  planosidcata,  Phill.,  Dav.  Carb.  Mon.  PI.  xvi.  figs.  2-15. 
Lower  Limestone  series,  Bathgate,  Middleton,  Bogie  quarry. 
Pare.     Coll.  of  A.  S. 

Athyris  Eeyssii,  Leve.,  Dav.  Carb.  Mon.     PI.  xviii.  figs.  1-11. 
Lower   Limestone   series,  Middleton,   Cousland,   Longniddry, 
Bathgate,  Charleston.    Not  common.    Coll.  of  J.  H.,   D.  J.  B 
A.  S. 

Athyris  Sj).  Lower  Limestone,  Charleston.  Found  by  the 
Geological  Survey. 
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Camarophoria  crumena,  Mart.,  Dav.  Carb.  Mon.  PI.  xxv.  figs. 
3-9.     Lower  Limestone  of  Charleston,  rare  ;  coll.  of  A.  S. 

Camarophoria  glohulina,  Phill.,  Dav.  Carb.  Mon.  PI.  xxiv.  figs. 
9-10.      Lower  Limestone,  Charleston,  rare ;  coll.  of  A.  S. 

Chondes  comoides  (?),  Sow.,  Dav.  Carb.  Mon.  PI.  xlv.  fig.  7.  Lime- 
stone of  Mayfield,  south  of  Dalkeith  ;  coll.  of  A.  S. 

Chonetes  Loquessima  De  Kon  {Hardrcnsis  Dav.),  Dav.  Carb  Mon. 
PI.  xlvii.  figs.  12-18.  Upper  Limestone  series,  Joppa;  Lower 
Limestone,  Gilmerton,  Longniddry,  East  Barns,  Bathgate, 
Charleston,  Kirkcaldy,  &c.  Common.  Coll.  of  J.  H.,  D.  J.  B., 
A.  S. 

Chonetes  polita,  M'Coy,  Dav.  Carb.  Mon.  PI.  xlvii.  figs.  8-11. 
Lower  Limestone,  Gilmerton,  in  shale  above  the  limestone,  only 
locality  as  yet  known.     Coll.  of  J.  H.,   D.  J.  B.,  A.  S. 

Orthis  Michclini,  Lev.,  Dav.  Carb.  Mon.  PI.  xxx.  figs.  6-9. 
Lower  Limestone  series,  Middleton,  Longniddry,  Catcraig, 
Aberlady,  Bathgate,  Charleston,  Bogie  quarry.  Very  common. 
Coll.  of  J.  H.,   T.  S.,   D.  J.  B.,  A.  S. 

Orthis  rcsicpinata,  Martin,  Dav.  Carb.  Mon.  PI.  xxx.  figs.  1-5. 
Upper  Limestone  series,  Penicuick  ;  Lower  Limestone  series, 
Cousland,  Middleton,  Bathgate,  Charleston,  Bogie  quarry, 
Kirkcaldy.     Common.     Coll.  of  J.  H.,   D.  J.  B.,  A.  S. 

Productus  acideatus,  Martin,  Dav.  Carb.  Mon.  PI.  xxxiii.  fig. 
16.  Lower  Carboniferous  Limestone  series,  Longniddry, 
Aberlady,  Bathgate,  Esk  at  Habbies  Howe.  Rather  rare. 
Coll.  of  I).  J.  B.,  A.  S. 

Productus  cora,  D'Orb,  Dav.  Carb.  Mon.  PL  xlii.  fig.  9.  Lower 
Limestone,  Esperston,  rate  ;  coll.  of  A  S. 

Productus  costatus,  Sow.,  Dav.  Carb.  Mon.  PI,  xxxii.  figs.  2-9. 
Lower  Limestone  series,  D'Arcy,  Middleton,  Charleston,  Bath- 
gate.    Eather  rare.     Coll.  of  D.  J.  B.,  T.  S.,  A.  S. 

Productus  fimhriatus.  Sow.,  Dav.  Carb.  Mon.  PI.  xxxiii.  figs. 
12-15.  Upper  Limestone  series,  Cockenzie,  Penicuick ;  Lower 
Limestone  series,  Middleton,  Mayfield,  Bathgate,  Charleston, 
Kirkcaldy.  Not  uncommon.  Coll.  of  T.  S.,  J.  H.,  D.  J.  B., 
A.  S. 

Productus  gigantciis,  Martin,  Dav.  Carb.  Mon.  PI.  xxxviii.  fig.  1, 
Upper  Limestone  series,  Linlithgow,  Penicuick,  Cockenzie, 
Kirkcaldy ;  Lower  Limestone  series,  Middleton,  Crighton. 
Mayfield,  Longniddry,  Bathgate,  Charleston,  Kirkcaldy,  &c. 
In  some  localities  very  common,  almost  making  up  entire  beds 
of  limestone,  as  at  Bathgate.     Coll.  of  J.  H.,  D.  J.  B.,  A.  S. 

Productus  lattssimus,  Sow.,  Dav.  Carb.  Mon.  PI.  xxxv.  figs.  1-4. 
Upper  Limestone  series,  Penicuick,  Joppa.  Very  common. 
This  species  appears  to  have  been  mistaken  by  the  Geological 
Survey  for  P.  rjigantcuf^,  which  is  mentioned  by  them  as 
occurring  in  Joppa  quarry,  where  it  seems  to  form  almost  the 
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entire  mass  of  the  limestone.     ColL  of  T.  S.,  J.  H.,  D,  J.  B., 
A.  S. 

Produdus  longispimts,  Sow.,  Dav.  Carb.  Mon.  PL  xxxv.  figs. 
0-19.  Upper  Limestone  series,  Cockenzie,  Linlithgow, 
Penicuick,  Kirkcaldy ;  Lower  Limestone  series,  Cousland, 
Gilmerton,  Crighton,  Longniddry,  Aberlady,  Bathgate,  Charles- 
ton, Kirkcaldy.  Very  common.  Coll.  of  T.  S.,  J.  H.,  D.  J.  B. 
A.  S. 

Produdtis  mesolohus,  Phill.,  Dav.  Carb.  Mon.  PL  xxxi.  figs.  6-9. 
Lower  Limestone  series,  Longniddry.    Very  rare.    Coll.  of  A.  S. 

Produdus  pundatus,  Mart.,  Dav.  Carb.  Mon.  PL  xliv.  figs.  9-17, 
Lower  Limestone  series,  Longniddry,  Aberlady,  Cousland. 
Gilmerton,  Middleton,  Bathgate,  Linlithgow,  Charleston. 
Kirkcaldy.     Very  common.    CoU.  of  T.  S.,  J.  H.,  D.  J.  B.,  A.  S. 

Produdus  muricatus,  Phill. ,  Dav.  Carb.  Mon.  PL  xxxii.  figs. 
10-14.  Lower  Limestone  series,  Esperston,  very  rare ;  colL 
of  A.  S. 

Produdus  pustulosus,  Phill.,  Dav.  Carb.  Mon.  PL  xlii.  figs.  1-2. 
Lower  Carboniferous  Limestone  series,  very  rare ;  colL  of  D. 
J.  B.,  A.  S. 

Produdus scahricnluSjMaxt,  J) ax.  Carb.  Mon.  PL  xliL  figs.  5-8. 
Lower  Carboniferous  Limestone  series,  Middleton,  Crighton, 
Charleston.  In  the  last-mentioned  locality  this  species  is  very 
common.     ColL  of  D.  J.  B.,  A.  S. 

Produdus  scmirdiculahcs,  Mart.,  Dav.  Carb.  Mon.  PI  xliii.  figs. 
1-5.  Upper  Limestone  series,  Joppa,  Prestonpans,  Penicuick, 
Kirkcaldy ;  Lower  Limestone  series,  Middleton,  Gilmerton, 
Cousland,  Crighton,  Aberlady,  Longniddry,  Bathgate,  Charles- 
ton, Kirkcaldy,  Bogie  quarry,  &c..  Very  common  at  all  the 
localities  mentioned  both  in  the  limestones  and  overlying 
shales.     CoU.  of  T.  S..  D.  J.  B.,  J.  H.,  A.  S. 

Produdus  semirdiculatus,  variety  Martini,  Sow.,  Dav.  Carb.  Mon. 
PL  xliii.  fig.  6-8.  In  most  of  the  foregoing  localities.  Very 
common.    ColL  of  D.  J.  B.,  J.  H.,  A.  S. 

Produdiis  semireticulatus,  variety  concinnus  Sow.,  Dav.  Carb. 
Mon.  PL  xliiL  figs.  9-10.  Lower  Carboniferous  Limestone 
series,  Charleston,  Bathgate,  D.  J.  B.,  A.  S. 

Produdus  semireticulatus,  variety  Seoticus,  Sow.,  Min.  Con.  Tab. 
69,  fig.  3.  Lower  Limestone  series,  Bathgate,  Charleston. 
ColL  of  J.  H.,  A.  S. 

Produdus  spinulosus.  Sow.,  Dav.  Carb.  Mon.  PL  xxxiv.  figs. 
18-19.  Lower  Limestone  series,  Bathgate,  Charleston.  Very 
rare.     Coll.  of  A.  S.,  D.  J.  B. 

Productus  undatus,  Defiance,  Dav.  Carb.  Mon.  PL  xxxiv.  figs. 
7-13.  Lower  Limestone  series,  Carlops,  Charleston,  very 
rare.     ColL  of  A.  S. 

Produdus  Youngianus,  Dav.,  Dav.  Carb.  Mon.     PL  xxxiii.  figs 
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21-23.  Lower  I,imestone  series,  Aberlady,  Longniddry, 
Mayfield,  Middleton,  Bathgate,  Charleston,  Kirkcaldy,  Bogie 
quarry.    Coll.  of  D.  J.  B.,  A.  S. 

Retzia  radialis,  Phill.,  Dav.  Carb.  Mon.  PI.  xvii.  figs.  19-21. 
Ix)wer  Limestone  shale,  Bogie  quarry  and  Charleston ;  coll.  of 
R.  E.,  jun.,  A.S. ;  rather  rare. 

Bhynchonella  2ylcurodon,  Phill.,  Dav.  Carb.  Mon.  PL  xxiii.  figs. 
1-12.  Lower  Limestone  series,  D'Arcy,  Cousland,  Catcraig, 
Longniddry,  Bathgate,  Kirkcaldy,  Charleston.  Common. 
Coll.  of  J.  H.,  D.  J.  B.,  A.  S. 

Bhynchuiiella  lyugnus,  Mart.,  Dav.  Carb.  Mon.  PI.  xxii.  figs.  1-14. 
Lower  Limestone  series,  Cousland  along  with  the  foregoing 
species  in  nodules  of  limestone  contained  in  a  bed  of  shale 
below  the  thick  bed  of  limestone,  Charleston.  Coll.  of  D.  J.  B., 
A.  S. 

Sjiirifer  Carlukensis,  Dav. ,  Dav.  Carb.  Mon.  PL  xiii.  fig.  14.  Low(ir 
Limestone  series,  Longniddry,  Mayfield.  Eare.  Coll.  of 
A.  S. 

Spirifer  duplicicostata,  Phill.,  Dav.  Carb.  Mon.  PL  ii.  figs.  9-11 
Lower  Limestone  series,  Mayfield,  Bathgate,  Charleston,  Bogie 
quarry.     Not  common.      Coll.  of  D.  J.  B.,  A.  S. 

Spirifer  glahra,  Mart.,  Dav.  Carb  Mon.  PI.  xi.  figs.  1-9.  Lower 
Limestone  series,  Cousland,  Middleton,  Charleston.  Rather 
rare.     Coll.  of  J.  H.,  D.  J.  B.,  A.  S. 

Spirifer  lineata,  Mart.,  Dav.  Carb.  Mon.  PL  xiii.  figs.  1-13. 
Lower  Limestone  series,  Gilmerton,  Cousland,  Middleton, 
Esperston,  Mayfield,  Longniddry,  Aberlady,  Bathgate, 
Charleston,  Kirkcaldy,  Bogie  quarry,  &c.  Very  common. 
ColLof  J.  H.,  D.  J.  B.,  A.  S. 

Sjyirifer  ovalis,  Phill.,  Dav.  Carb.  Mon.  PL  ix.  figs.  20-23. 
Lower  Limestone  series,  IMiddleton,  Mayfield,  Charleston. 
Rather  rare.     Coll.  of  J.  H.,  D.  J.  B.,  T.  S.,  A.  S. 

Spirifer  pinrjuis,  Sow.,  Dav.  Carb.  Mon.  PL  x.  figs.  1-12.  Lower 
Limestone  series,  Mayfield,  Charleston.     Rare.     Coll.  of  A.  S. 

Spirifer  trigonalis,  Mart.,  Dav.  Carb.  Mon.  PL  v.  figs.  25,  29,  33. 
Upper  Limestones  series,  Cockenzie,  Penicuick,  Kirkcaldy; 
Lower  Limestone  series,  Cousland,  Middleton,  Esperston, 
Dryden,  Gilmerton,  Longniddry,  Catcraig,  Charleston,  Bath- 
gate, Kirkcaldy.  Very  common.  Coll.  of  D.  J.  B.,  J.  H., 
A.  S. 

Spirifer  trigonalis,  variety  hisculcata,  Sow.,  Dav.  Carb.  Mon.  PL 
V.  figs.  1-19.  Lower  Limestone  series,  Cousland,  Bathgate, 
Charleston,  Kirkcaldy.      ColL  of  D.  J.  B.,  A.  S. 

Spirifer  Urii,  Hem.,  Dav.  Carb.  I^Ion.  PL  xii.  figs.  13-14. 
Lower  Limestone  series,  Mayfield,  Cousland,  Gilmerton,  Long- 
niddry, Bathgate,  Charleston,  Kirkcaldy.  Coll.  of  D.  J.  B., 
J.  H.,  A.  S. 
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Spiriferina  cristata,  variety  S.  octoplicata,  Sow.,  Dav.  Garb.  Mou. 

PI.   vii.   figs.     37-47.     Lower    Limestone    series,   Aberlady, 

Longniddry,   Bathgate,   Charleston.      Rather  rare.     Coll.   of 

D.  J.  B.,  A.  S. 
Streptorhynchus  crenistria,   Phill.,   Dav.  Carb.  Mon.     PI.  xxvi* 

figs.  1-3.     Upper  Limestone  series,  Joppa  quarry,  Penicuiek ; 

Lower    Limestone    series,   Gilmerton,   Middletou,   Bathgate, 

Charleston.    Not  common.    Coll.  of  D.  J.  B.,  J.  H.,  A.  S. 
StropJwTnena  rTiomhoidalis,   variety  analoga,  Phill.,   Dav.   Carb. 

Mon.  PI.  xxviil  figs.  1-13.  Lower  Limestone  series,  Charleston, 

Gilmerton,  rare  ;  coll.  of  J.  H.,  D.  J.  B.,  A.  S. 
Terehratula  hastata,  Sow.,  variety   saccuhis,  Mart.,  Dav.  Carb. 

Mon.     PI.  i.  figs.  27-30.     Lower  Limestone  series,  Cousland, 

Middleton,  Bathgate,  Charleston,  Longniddry.    Coll.  of  T.  S., 

D.  J.  B.,  J.  H.,  A.  S. 
Terehratula  hastata,  variety  vesicularis,  De  Kon.,  Dav.  Carb.  Mon. 

PI.  ii.  figs.  1-8.     Lower  Limestone  series,  Charleston,  Bathgate ; 

coll.  of  D.  J.  B.,  A.  S. 
Terehratula  hastata,  variety  Gillingensis,  Dav.  Carb.  Mon.    PI.  i. 

figs.  18-20.  Lower  Limestone  series,  Cousland ;  coll.  of  D.  J.  B., 

A.S. 


Note. — In  the  collections  of  Messrs  Brown,  Henderson,  and 
Somervail  a  few  forms  still  remain  to  be  properly  determined, 
which  may  prove  to  belong  to  species  not  mentioned  in  the 
catalogue. 


lUh  Decemhcr  1875. 
D.  Milne  Home,  Esq.,  LL.D.,  President,  in  the  Chair. 

A  "  Review  of  Mr  Kinahan's  paper  on  Metamorphism  and 
Vulcanicity,  with  some  Illustrations  and  Remarks,"  by  Mr 
G.  J.  Primrose  Grieve,  Kirkbank,  Burntisland,  was  read  at  this 
meeting.  In  the  course  of  his  paper,  Mr  Grieve  remarked  : 
"  The  most  complete  study  I  have  made  of  vulcanicity  is  among 
the  Coolin  Hills  of  the  Isle  of  Skye ;  while,  to  aid  nie  with  these, 
I  visited  Portsoy,  in  Banffshire,  and  the  coast  between  Girvan 
and  Ballantrae,  in  Ayrshire.  Among  the  Portsoy  rocks  I  found 
ample  illustrations  of  Mr  Kinahan's  regional  metamorphism,  or 
metapepsis.^' 
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11th  May  1876. 
D.  Milne  Home,  Esq.,  LL.D.,  President,  in  the  Chair. 

The  following  Communication  was  read : — 

On  the  Glacial  PJienomena  of  Scotland ;  ^vith  sjjccud  Erferencc  to 
the  recent  Works  of  Dr  Croll  and  Mr  Janus  Geikie.  By 
Alexander  Somervail. 

{Abstract.) 

At  the  very  outset  it  might  be  preferable  at  once  to  define  the 
object  of  the  present  paper,  in  order  to  prevent  any  misconcep- 
tion as  to  its  aim,  or  needless  discussion  that  might  otherwise 
arise.  Besides  minor  points  it  seeks  to  deal  with  the  nature  of 
the  lower  drift  deposits  ;  to  show  that  the  so-called  "  iuterglacial 
periods  "  have  no  substantial  existence  ;  and  that  the  conditions 
under  which  the  lower  drift  deposits  have  been  formed  were  not 
of  that  severe  and  rigorous  kind  that  has  of  late  been  so 
vigorously  advocated.  That  the  objects  here  indicated  are 
attained  and  confirmed  by  the  subsequent  reasoning,  I  myself  do 
not  profess  dogmatically  to  believe,  although  for  the  present  they 
are  my  stronger  convictions.  This  chapter  in  the  world's 
Ideological  history,  more  than  any  other,  is  so  problematic  and 
perplexing,  that  even  the  most  careful  observers  of  its  puzzling 
phenomena  are  frequently  inclined  to  halt  between  sometimes 
more  than  two  opinions. 

That  the  superficial  accumulations  falling  under  the  term 
glacial  drift  have  been  the  product  of  ice  in  one  or  other  of  its 
forms  no  geologist  will  any  more  doubt  than  he  would  call  in 
question  the  stratified  rocks  being  other  than  the  result  of  the 
deposition  of  sediment  in  water  ;  but  under  what  precise  forms 
of  ice  the  drift  deposits  have  been  formed,  and  brought  together 
in  their  present  arrangement,  is  a  question  only  to  be  gradually 
answered  with  patient  observation  and  correct  deduction,  so 
varied  and  complicated  are  all  the  phenomena  of  tlie  drift 
deposits.  Anotber  great  question  is  evolved  out  of  the  former : 
What  is  the  cause  or  causes  that  gave  rise  to  conditions  so  widely 
different  from  what  we  now  enjoy,  that  should  have  brought 
about  all  the  rigorous  climatic  severity  of  the  Glacial  period, 
covering  our  country  with  ice  in  one  or  other  of  its  forms,  and 
furnishing  the  agents  by  which  the  whole  phenomena  of  the 
boulder  clay  and  its  associated  deposits  are  alone  explicable  i 
The  answer  to  this  latter  question  very  much  depends  on  what 
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we  consider  the  exact  conditions  of  the  Glacial  period  to  have 
been.  Certain  conditions  might  be  quite  readily  explained  on 
geographical  grounds  which  are  patent  to  human  experience  and 
observation.  Other  conditions  might  only  be  explainable  on 
astronomical  grounds  aided  by  inductive  argument.  If  the 
geographical  theory,  which  is  the  more  simple  and  ascertainable, 
failed  to  yield  a  satisfactory  explanation,  then  we  would  be 
justified  in  having  recourse  to  the  astronomical  for  a  solution  of 
the  problem.  The  whole  subject  has  of  late  been  discussed  under 
a  variety  of  forms  and  from  numerous  points  of  view,  and  most 
extensively  so  by  Mr  James  Geikie,  in  his  recently  published 
work  "  The  Great  Ice  Age."  So  bold  and  startling  are  both  his 
assertions  and  conclusions  that  it  will  not  be  uninteresting  very 
briefly  to  examine  the  evidences  on  which  they  are  based. 

The  terms  till  and  boulder  clay,  which  have  been  long,  and  are 
still,  used  by  geologists  as  synonyms,  have  now  been  separated 
by  Mr  Geikie  into  two  distinct  systems  or  formations, — the  till 
being  described  by  him  as  the  older,  or  lower,  the  boulder  clay 
as  the  upper,  or  more  recent.  Both  of  these  systems  or  divisions 
contain  intercalated  or  interstratified  deposits  of  gravel,  sand, 
clay,  and  occasionally  beds  of  peat,  which  are  regarded  by  Dr 
Croll  and  Mr  Geikie  as  marking  interglacial  periods.  Each  of 
those  interglacial  periods,  of  which  there  were  many,  occurred  at 
nearly  regular  intervals,  and  lasted  for  some  thousands  of  years, 
glacial  and  interglacial  conditions  alternating.  In  order  to 
account  for  all  the  complicated  phenomena  of  the  Glacial  period, 
the  accumulation  of  till  and  boulder  clay,  the  grooved  and 
polished  surfaces  on  which  it  rests,  and  the  directions  in  which 
the  groovings  trend,  Mr  Geikie,  no  half-hearted  ice  theorist, 
calls  in  the  aid  of  an  agent  capable  for  the  work,  a  stupendous 
mer  de  glace,  a  great  ice  sheet  covering  up  the  whole  country, 
and  in  some  parts  attaining  a  thickness  of  more  than  3000  feet. 
Indeed,  so  high  of  late  has  this  ice  mania  run,  that  some  of  the 
American  "geologists,  with  a  genius  not  uncharacteristic,  have 
demanded  for  the  explanation  of  their  phenomena  a  sheet  of  ice 
of  not  less  than  12,000  feet  in  thickness  in  some  portions  of  that 
country.  This  great  mer  de  glace,  covering  Scotland,  is  made,  in 
its  descent  from  the  Highland  districts,  to  overflow  all  the  higher 
hill  ranges,  such  as  the  Ochils,  with  as  much  ease  as  a  stream 
would  overflow  a  stone  in  its  bed.  As  this  ice  sheet  reached  the 
coast,  it  displaced  the  sea  in  all  its  shallower  parts  to  such  an 
extent  that  the  ice  from  our  northern  Highlands  is  described  as 
coalescing  with  that  coming  from  Scandinavia  on  what  now 
forms  the  bed  of  the  present  North  Sea.  Another  mighty 
stream  of  ice  is  made  to  flow  from  our  western  seaboard  and 
over-ride  the  Hebrides,  while  smaller  streams  are  described  as 
coming  from  the  Welsh  and  Cambrian  mountains,  and  uuitino;with 
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the  Scotch  and  Irish  ice  on  the  bottom  of  the  Irish  Sea.  As  this 
mighty  mass  descended  from  higher  to  lower  levels  the  whole 
surface  of  the  country  was  grooved  and  polished  in  the  direction 
of  its  movement,  the  clay  and  debris  forming  beneath  it  by  its 
grinding  action  giving  rise  to  the  deposits  termed  the  till.  For 
the  formation  of  the  boulder-clay,  which  Mr  Geikie,  as  we  have 
already  pointed  out,  regards  as  a  distinct  deposit  accumulation, 
a  slightly  different  explanation  is  given.  It  is  described  as  being 
formed  not  under  the  ice,  like  the  till,  but  at  its  termination  in 
or  near  the  sea,  during  which  period  the  ice-sheet  was  thinner  or 
more  broken  up  into  separate  glaciers.  When  we  come  to 
examine  the  causes  by  which  Mr  Geikie  seeks  to  explain  the 
origin  of  his  great  mer  de  glace,  we  have  to  acknowledge  his 
perfect  consistency.  He  dismisses  the  geographical  theory  as 
altogether  untenable.  Along  with  Dr  Croll  and  others,  Mr 
Geikie  is  convinced  that  the  astronomical  theory  will  answer  all 
the  requirements  for  a  successful  exposition  of  the  problem  ;  and 
that  those  peculiar  oscillatory  movements  of  the  ecliptic  and 
those  of  the  earth's  axial  inclination  known  as  the  precession  of 
the  equinoxes,  would,  under  given  conditions,  such  as  our 
hemisphere's  winter  occurring  in  aphelion  during  a  period 
of  maximum  eccentricity  of  the  ecliptic,  cause  such  a  dimi- 
nution of  solar  heat  during  the  winter  solstice  as  to  bring 
about  all  the  rigorous  severity  of  climate  required  for  the  forma- 
tion of  the  great  mer  de  glace  of  the  Glacial  epoch.  That  such 
conditions  would  flow  or  result  from  the  astronomical  changes 
indicated  is  open  to  the  gravest  doubt.  The  whole  argument 
is  an  induction  of  a  priori  reasoning  furnishing  nothing  sub- 
stantial by  which  to  test  its  validity. 

In  order  to  show  wherein  I  differ  from  the  conclusions  arrived 
at  by  Dr  Croll  and  Mr  Geikie,  let  us  approach  the  inquiry  with 
some  degree  of  system,  and  consider — 

1.  The  thickness  of  the  ice  sheet. 

2.  The  direction  of  its  movement. 

3.  The  evidence  of  perched  blocks. 

4.  The  till  or  boulder-clay. 

5.  Interglacial  periods. 

6.  Climatic  conditions  during  the  formation  of  the  boulder 
clay. 

7.  Generalconclusions. 

1.  The  Thickness  of  the  Ice-Sheet. — The  first  thought  that 
suggests  itself,  when  reflecting  on  the  mighty  incubus  of  ice 
which  is  affirmed  to  have-  gathered  over  our  country  to  a  depth 
of  more  than  3000  feet,  is  the  question  :  Is  the  area  of  Scotland 
of  sufficient  extent  to  admit  of  the  accumulation  of  such  an 
enormous  mass  ?  I  unhesitatingly  answer,  No.  Perpetual 
movement  from  a  higher  to  a  lower  level  by  virtue  of  the  law  of 
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gravitation  or  regulation,  or  a  combination  of  both,  would  in  an 
area  so  small  prevent  the  ice  forming  to  such  a  thickness, 
independently  of  the  hot  summer  of  perihelion.  We  are  referred 
by  Mr  Geikie  to  Greenland  as  an  illustration ;  but  Greenland  is 
of  almost  continental  dimensions  compared  with  Britain,  and 
even  there  we  possess  no  evidence  that  the  ice-slieet  attains  a 
thickness  of  anything  like  3000  feet.  It  cannot  be  argued  that 
during  the  Glacial  period  Britain  had  a  much  greater  altitude 
than  at  present,  and  consequently  a  much  larger  gathering  area, 
as  we  have  the  best  of  evidence  that,  during  the  very  formation 
of  the  till,  the  land  was  then  at  least  500  feet  lower  than  at 
present.  Fully  aware  of  the  difficulty  of  explaining  this  immense 
covering  of  ice,  Messrs  CroU  and  Geikie  attempt  a  solution  by 
another  difficulty  yet  harder  of  explanation.  They  make  a  great 
glacier  descend  from  the  Scandinavian  mountains,  filling  the  bed 
of  the  North  Sea  until  it  reached  our  coast,  and  forming  a  barrier 
to  the  progress  of  the  Scottish  ice,  which  accumulated  to  the 
thickness  mentioned.  If  this  great  glacier,  born  among  the 
Scandinavian  mountains,  marched  with  such  resistless  power 
until  it  reached  and  pushed  aside  the  glaciers  of  Scotland,  why 
did  it  not  overflow  the  country  ?  Indeed,  that  this  glacier  ever 
reached  our  shores  at  all,  or  even  strayed  very  far  from  home,  is 
extremely  doubtful. 

Although  Mr  Geikie  infers  from  the  striae  which  occur  on  our 
Highland  mountains  at  a  height  of  3500  feet,  that  the  ice  must 
have  had  a  corresponding  thickness,  we  afnrm  that  there  is  no 
necessary  connection  between  the  altitude  of  the  striae  and  the 
thickness  of  the  ice  which  produced  them.  Even  in  cases  where 
the  strise  do  not  conform  to  the  slope  like  those  observed  by  Mr 
Jamieson  at  great  heights,  they  may  be  explained  on  the  more 
natural  ground  of  a  submergence  of  the  land  during  a  period 
when  ice-floes  and  bergs  drifted  over  its  surface.  This  sub- 
mergence, unlike  the  thickness  of  the  ice,  is  no  mere  hypothesis, 
as  we  have  absolute  proof  to  an  extent  of  nearly  1500  feet, 
while  certain  other  facts  would  indicate  a  much  greater  sub- 
mergence. 

2.  The  Direction  of  its  Movement. — Independently  of  the  asser- 
tions made  regarding  the  direction  of  the  ice  movement, 
we  possess  substantial  evidence  from  the  trend  of  the  striae  that 
the  ice  conformed  to  and  flowed  in  a  line  with  the  great  valleys, 
nay,  that  as  a  general  rule  the  striations  wherever  they  occur  are 
in  harmony  with  the  present  drainage  of  the  country.  That  the 
ice  from  the  Grampians,  as  asserted  by  both  Messrs  Croll  and 
Geikie,  should  have  filled  up  the  great  valley  of  Stiathearn  and 
flowed  over  the  tops  of  the  Ochils  and  Pentlands,  is  a  baseless 
hypothesis.  The  existence  of  till  on  the  tops  of  both  these  ranges 
is   incorrect.     On   the  summits,  a  peaty  soil   certainly   occurs. 
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formed  partly  by  the  decomposition  of  vegetable  and  mineral 
matter,  in  which  are  included  numerous  fragments  of  rock  of  both 
local  and  Highland  origin ;  but  to  term  this  accumulation  till  oi 
boulder  clay  is  an  abuse  of  language ;  and  to  infer  from  the  loose 
and  imbedded  pieces  of  mica  schist  that  the  Highland  ice  over- 
flowed these  hills  is  a  most  unwarrantable  conclusion.  The 
striations  mentioned  by  Dr  Croll  as  occurring  on  the  top  of 
Allermuir,  very  unfortunately  for  him  and  Mr  Geikie,  trend  in 
the  wi-ong  direction,  and  are  opposed  to  the  idea  of  an  ice-sheet 
coming  from  the  Grampians  sweeping  over  the  Pentland  range.* 

3.  The  Evidence  of  Perched  Blocks. — Like  the  striations  occur- 
ring at  great  heights,  the  boulders,  or  perched  blocks,  have  been 
made  to  yield  evidence  of  the  great  thickness  and  direction  of 
the  ice  movement.  The  boulders  perched  at  great  altitudes  are 
referred  by  Mr  Geikie  to  the  period  of  the  boulder-clay,  and  their 
transit  is  said  to  be  due  to  great  glaciers.  Doubtless  many  huge 
boulders  occurring  both  in  the  boulder-clay  and  resting  on  the 
surface  of  the  country  at  low  levels  may  have  been  brought  to 
their  present  sites  or  near  them  by  glaciers,  but  these  found  at 
very  great  heights  and  of  remote  origin  like  many  of  those  occur- 
ring on  or  near  the  tops  of  our  highest  hills  must  have  had 
a  different  mode  of  transport,  and  are  in  all  likelihood  due  to 
floating  ice  during  the  submergence  of  our  land,  which  we  actually 
know  to  have  taken  place  at  least  during  one  period  of  the  Glacial 
epoch.  It  is  worthy  of  remark  that  the  perched  blocks  are  not 
referred  by  Mr  Geikie  to  the  age  of  his  till — when,  according  to 
him,  the  ice-sheet  was  thickest — but  to  his  boulder-clay  period, 
a  subsequent  epoch  when  the  ice  was  much  thinner  and  more 
broken  iip  into  separate  glaciers.  How  in  this  period  of 
thinner  ice  and  consequently  smaller  glaciers  enormous  blocks 
were  carried  to  heights  where  they  now  occur  is  a  kind  of 
mystery. 

4.  The  Till  and  Boulder  Clay. — I  have  already  pointed  out  that 
Mr  Geikie  divides  the  lower  drift  deposits  into  till  and  boulder- 
clay.  With  this  division  I  am  humbly  inclined  to  differ. 
Wherever  I  have  examined  the  glacial  drift  I  have  never  been 
able  to  detect  any  substantial  difference  that  would  lead  to  such 
a  conclusion.  The  boulder-clay,  as  far  as  my  own  observations 
extend,  frequently  alters  with  the  locality.  Indeed,  in  whatever 
aspect  we  regard  it,  it  is  extremely  variable,  altering  rapidly 
both  in  thickness,  composition,  and  boulders.  In  our  own 
neighbourhood,  along  the  shores  of  the  Firth  of  Forth,  where 
most  excellent  opportunities  are  afforded  for  the  study  of  the 
drift  deposits,  no  such  distinctions  are  traceable.  In  some 
localities,  however,  the  boulder-clay  has  a  parting  into  two  or 
more  distinct  beds,  which  might  be  spoken  of  as  upper   and 

*  Strite  observed  by  Mr  John  Henderson  ran  N.E.  by  E.  and  S.  W.  by  W. 
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lower,  but  even  then  those  terms  could  only  have  a  local 
application,  as  in  many  districts  the  boulder-clay  forms  a  con- 
secutive mass  from  bottom  to  top.  To  accept,  then,  the 
classitication  of  Mr  Geikie  would  be  to  repeat  the  lower  drift 
deposits  twice  over,  and  render  their  complications  doubly  com- 
plicated. We  cannot  help  thinking  that  those  two  divisions  have 
been  conveniently  made  by  Mr  Geikie  to  suit  his  owq  theories, — 
the  till  to  accord  with  his  ice-sheet,  and  the  boulder-clay  with  his 
subsequent  glaciation  of  the  country.  All  Mr  Geikie's  distinc- 
tions between  till  and  boulder-clay  are  of  the  most  conventional 
kind,  which  will  not  hold  good  over  any  extent  of  area ;  con- 
sequently we  think  that  the  old  term  till,  or  boulder-clay,  it 
matters  little  which,  should  retain  its  former  meaning.* 

5.  Interglacial  Periods. — We  come  now  to  examine  the 
evidences  on  which  the  so-called  interglacial  periods  are  based. 
In  accordance  with  the  theory  of  the  precession  of  the  equinoxes, 
as  calculated  by  Dr  CroU  and  accepted  by  Mr  Geikie,  several 
interglacial  periods,  each  lasting  for  thousands  of  years,  intervened 
during  the  accumulation  of  the  till,  or  boulder-clay.  The  proofs 
oa  which  those  interglacial  periods  are  based  are  the  intercalated 
beds  of  gravel,  sand,  clay,  and  peat,  which  occur  in  the  drift,  and 
the  organic  remains  which  those  stratified  deposits  contain.  The 
great  ice  sheet  passes  away,  and  is  followed  by  a  period  of  warmth 
greater  than  now,  during  which  the  land  was  occupied  by  a  by 
no  means  scant  flora  and  fauna.  Those  conditions,  however,  in 
their  turn  disappeared,  and  the  great  mer  de  glace,  with  all  its 
barrenness  and  desolation,  once  more  reigned  supreme.  This 
alternation  of  glacial  and  interglacial  conditions  is  repeated 
again  and  again,  but  we  are  not  informed  how  often.  '  That  those 
so-called  interglacial  periods  have  no  substantial  existence  we 
will  now  attempt  to  show.  In  whatever  part  of  the  country  we 
examine  the  till,  or  boulder-clay,  we  discover  it  to  be  most  vari- 
able in  all  its  characters.  Those  intercalated  beds  on  which  the 
interglacial  periods  are  founded  are  sometimes  entirely  absent 
even  in  localities  where  it  reaches  a  very  considerable  thickness. 
In  some  districts  the  intercalated  deposits  are  thin,  irregular,  and 
patchy  in  the  extreme.  At  other  times  they  are  thicker  but 
thinning  rapidly  out,  occuping  basins  or  hollows  in  the  till. 
Frequently,  however,  they  are  regularly  interbedded  with  the 
boulder-clay,  both  alternating  several  tunes.  I  can  give  no  better 
examples  of  the  extreme  variability  of  both  boulder-clay  and 
intercalated  deposits  than  that  given  by  Mr  James  Bennie  from 
250  separate  bores,  which  I  now  quote. 


*  Since  this  paper  was  read,  Mr  Geikie  lias,  in  the  second  edition  of  his  work, 
relinquished  the  use  of  the  terms  till  and  boulder-clay  as  referring  to  distinct 
deposits,  and  now  regards  the  terms  as  synonymous. 
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20  of  those  borings  have  1  boulder-clay  with  beds  of  stratified 

gravel  and  sand  beneath. 

25  have  2  boulder  clays  with  stratified  beds  between. 
10  have  3 

1  has  4                „                     „  „ 

2  have  5               „                    „  „ 
1  has  6                „                    „  „ 

According  to  the  last  bore,  containing  the  six  boulder-clays 
and  interstratified  deposits,  it  would  furnish  evidence  for  no 
fewer  than  six  glacial  periods  and  five  interglacial  periods,  if  we 
were  to  accept  the  theory  of  Dr  Croll  and  Mr  Geikie.  Do  the 
six  boulder-clays  mentioned  in  the  bore  represent  six  glacial 
periods, —  six  separate  times  that  the  great  ice  sheet  covered  up 
the  country  ?  Do  the  five  intercalated  deposits  represent  five 
interglacial  periods, — five  times  of  great  warmth  and  subtropical 
conditions  ?  No,  certainly  not.  There  is,  I  think,  overwhelming 
evidence  that  to  found  interglacial  periods,  each  of  several 
thousand  years  of  duration,  on  those  inconstant,  variable, 
irregular,  and  patchy  deposits  is  strikingly  and  palpably  absurd. 
It  is  a  most  remarkable  fact  that  many  of  the  so-called  interglacial 
beds  have  yielded  abundance  of  marine  shells  which  show  a 
much  colder  set  of  conditions  than  those  actually  inhabiting  our 
present  seas.  Thus,  in  spite  of  the  alleged  warmth  and  high 
temperature,  the  whole  evidence  furnished  by  the  mollusca 
obtained  from  the  intercalated  deposits  is  decidedly  in  favour  of 
conditions  approaching  to  an  Arctic  type.  Had  the  so-called 
interglacial  beds  contained  such  genera  as  Tcrebra,  Conus,  Oliva, 
or  Valuta,  the  evidence  for  warmer  conditions  woidd  have  been 
worth  consideration  ;  but  when  we  find  such  genera  and  species 
as  Astartc  borealis,  Tdlina  calcarca,  Lcda  jjermda,  and  many 
others  which  now  are  only  to  be  found  in  the  Arctic  seas, 
occurring  in  the  interglacial  deposits,  then  those  warm  or  sub- 
tropical periods  disappear  "  like  the  baseless  fabric  of  a  vision." 
The  interglacial  periods  being  the  necessary  outcome  or  con- 
sequence of  the  astronomical  theory,  as  elaborated  by  Dr  Croll, 
the  stratified  deposits  occurring  in  the  till  have  been  eagerly 
seized  upon  and  compelled  to  do  service  in  its  behalf ;  so  that 
we  cannot  escape  the  conviction  that  the  whole  reasoning  moves 
in  a  most  pernicious  circle. 

6.  Climatic  Coiulitiom  iinder  which  the  Bovldcr-Clay  loas 
For7ned.—We  can  now  no  longer  regard  the  boulder-clay  as  a 
non-fossiliferous  deposit.  In  the  true  till,  or  boulder-clay,  but 
more  especially  in  its  intercalated  or  stratified  beds,  numerous 
remains  both  of  plants  and  animals  occur,  which  yield  a  material 
assistance  in  generalizing  on  the  climatic  conditions  under  which 
the  drift  deposits  were  formed.  It  is  true  that  in  the  unstratified 
till  few  remains  have  been  found,  yet  nevertheless  these  few  are 
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significant,  especially  when  we  consider  that  the  boulder-clay 
has  been  formed  under  circumstances  which  would  in  a  great 
measure  preclude  the  occurrence  of  organisms.  From  the  true 
till,  or  boulder  clay,  then,  have  been  obtained  in  different  locali- 
ties the  remains  of  the  mammoth  and  reindeer,  also  portions  of 
such  trees  as  the  oak,  pine,  and  birch.  That  abundance  of  other 
animals  and  plants  existed  during  the  period  there  is  no  doubt 
whatever,  for  whenever  we  alight  on  the  stratified  drift  we  have 
evidence  of  their  existence.  Besides  the  forms  already  mentioned, 
the  stratified  beds  have  yielded  remains  of  the  ox,  the  horse,  and 
the  elk.  Plants  have  also  been  obtained  both  of  exogenous  and 
endogenous  structure,  and  although  few  in  species,  yet 
apparently  of  sufficient  individual  abundance  as  to  form  beds  of 
peat  marking  the  sites  of  small  lakes  which  existed  during  the 
period.  Thus  we  are  in  possession  of  absolute  evidence  that  a 
flora  and  fauna,  however  scant,  really  existed  during  the  very 
formation  of  the  boulder  clay.  Like  the  marine  shells  the  scant 
flora  and  fauna  would  indicate  something  like  Arctic  conditions  ; 
but  not  such  severe  conditions  as  a  mer  de  glace  3000  feet  thick, 
covering  the  country  and  pushing  itself  far  out  to  sea.  Under 
such  conditions  no  life  of  any  kind  whatever  could  have  existed, 
only  the  unconscious  life  of  the  physical  forces. 

From  the  evidence  furnished  by  the  presence  of  both  plant  and 
animal  remains  in  the  true  till,  or  boulder-clay,  also  their  presence 
in  its  stratified  beds,  with  the  occasional  occurrence  of  layers  of 
peat,  I  think  we  should  be  warranted  in  drawing  something  like 
the  following  conclusions  regarding  the  climatic  conditions  which 
existed  during  the  formation  of  the  boulder-clay  : — 

All  the  higher  parts  of  the  country  would  appear  to  have  been 
covered  with  snow  and  ice  to  a  considerable  depth.  The  great 
valleys  were  filled  with  glaciers  which  reached  the  sea.  Large 
tracts  of  the  coast  were  entirely  free  from  ice  and  covered  with 
the  flora  and  tenanted  by  the  fauna  already  referred  to,  and 
doubtless  by  many  more  of  whose  existence  we  have  not  as  yet 
discovered  any  record.  Over  certain  tracts  small  lakes  existed, 
formed  by  the  melting  of  the  terminal  portion  of  the  glaciers 
further  inland,  whilst  in  and  around  those  lakes  sufficient  vege- 
tation grew  to  form  the  layers  of  peat  which  we  sometimes  find 
inclosed  in  the  boulder-clay,  of  which  the  bed  described  by  Mr 
Henderson  as  occurring  at  Eedhall  quarry*  is  an  excellent 
example.  Very  probably  the  inland  ice  sometimes  approached 
nearer  to  the  coast  and  at  other  times  retreated  further 
inland ;  indeed,  this  seems  evident  from  the  frequent  occur- 
rence of  interstratified  beds.  As  the  ice  descended  to  lower 
levels,  its  moraine  matter  would  give  rise  to  the  boulder- 
clay.  As  it  shrunk  back  into  the  country  the  water  from  its 
•  Society's  Trans.  voL  ii.  p.  393  (woodcut  of  section  at  quarry). 
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melting  terminus  would  carry  mud,  sand,  and  gravel,  and  stratify 
them  over  the  moraine  deposits  already  formed.  This  alternat- 
ing process  might  take  place  again  and  again,  giving  rise  to 
something  like  the  boring  with  the  six  boulder-clays  with  the 
inters trati tied  deposits  between.  Besides  the  country  being 
covered  with  ice,  with  some  glaciers  terminating  inland  and 
some  terminating  in  the  sea,  the  adjoining  seas  would  be  filled 
with  icebergs,  some  local,  some  foreign  to  the  locality,  driven  by 
currents  from  a  distance  to  our  warmer  latitude,  which  in 
stranding  would  contort  our  already  formed  beds  of  boulder-clay, 
and  add  to  their  heterogeneity  and  confusion  by  leaving  their 
loads  of  strange  debris  as  they  melted  away.  Under  those  differ- 
ent yet  simultaneous  conditions,  a  partial  covering  of  ice,  with 
glaciers  reaching  the  sea,  and  others  terminating  inland,  together 
with  the  droppings  of  icebergs  from  a  distance,  a  most  com- 
plicated and  heterogeneous  set  of  boulder-clays  and  interstratified 
deposits  would  be  formed,  answering  in  every  respect  our  variable 
drift,  and  meeting  every  difficulty  it  presents. 

7.  General  Conchtsion. — Throughout  the  paper  I  have  shown, 
or  at  least  attempted  to  show,  that  the  division  of  the  lower  drift 
deposits  into  till  and  boulder  clay,  each  having  a  different  age 
and  origin,  is  quite  unwarranted  ;  that  the  so-called  interglacial 
periods  have  actually  no  existence  whatever,  being  only  the  out- 
come of  the  astronomical  theory ;  and  that  the  climatic  conditions 
prevailing  during  the  Glacial  epoch  were  much  less  severe  thau 
has  of  late  been  represented.  In  speculating  on  the  causes 
which  gave  rise  to  the  Glacial  period,  we  find  the  astronomical 
theory,  as  propounded  by  Dr  Croll,  beset  with  many  difficulties. 
When  tested  and  balanced  with  the  geographical  theory,  it  is  open 
to  more  decided  objections.  The  climatic  changes  produced  by 
altitude,  arrangement, and  distribution  of  sea  and  land  is  a  tangible 
reality,  but  the  climatic  changes  produced  by  astronomical 
mutation  is  only  an  inductive  conclusion.  The  former  is  an 
objective  certainty,  the  latter  a  subjective  inference.  I  do  not 
assert  that  astronomical  causes  may  not  have  had  some  influence 
in  the  production  of  climatic  change  in  the  past ;  but  to  forsake 
altogether  causes  which  fall  under  human  observation  and  ex- 
perience, for  hypothetical  astronomic  results,  is  to  forsake  the 
true  philosophical  principles  on  which  the  whole  structure  of 
geological  science  has  been  so  successfully  built,  viz.,  the  applica- 
tion to  the  seen  and  known  forces  around  us  for  the  explanation 
of  the  past. 

On  the  other  hand,  I  freely  admit  that  it  would  be  unwise 
entirely  to  overlook  and  ignore  the  aid  of  the  astronomical  muta- 
tions referred  to  as  causes  combining  with  geographical  relations 
of  sea  and  land  in  the  production  of  climatic  change,  especially 
when  difficulties  present  themselves  which  are  hard  of  explana- 
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tion  on  geographical  grounds  alone.  Such  a  difficulty  is  pre- 
sented by  the  climatic  conditions  which  prevailed  in  England 
during  the  deposition  of  the  Eocene  formation,  the  whole  fauna 
and  flora  of  which  have  truly  a  tropical  aspect.  A  still  greater 
difficulty  is  presented  by  the  occurrence  of  the  usual  coal-measure 
plants  in  latitude  75°  in  Melville  Island.  Also  by  the  occurrence 
of  numerous  plants  and  true  timber  trees  like  the  oak,  beech, 
poplar,  and  plane-tree  in  deposits  of  Miocene  age  as  far  north  as 
Spitzbergen,  in  latitude  78°.  Much,  however,  of  these  seemingly 
anomalous  climatic  conditions  disappear  when  we  reflect  that 
the  present  geographical  arrangement  of  land,  unassisted  by  any 
astronomical  aid,  is  of  such  a  nature  as  to  give  rise  to  most  ex- 
traordinary variations  of  temperature  in  widely  different  latitudes, 
so  much  so  that  one  of  the  mean  annual  isothermal  lines  reaches 
as  high  as  80°,  and  descends  as  low  as  nearly  60°  north  latitude. 
It  is  very  evident  that  the  astronomical  theory,  as  elaborated 
at  present  by  Dr  Croll,  involves  so  many  difficulties  as  to  com- 
pletely destroy  itself.  It  demands  every  few  thousand  years  (a 
mere  unit  in  geological  time)  a  glacial  period  which  by  its 
severity  of  conditions  would  have  completely  annihilated  all  the 
ordinary  stratified  interglacial  deposits,  and  would  have  left 
nothing  but  an  immense  thickness  of  successive  boulder-clays. 
In  consistency  with  this  theory  a  glacial  period  in  every  forma- 
tion from  the  Laurentian  upwards  would  by  no  means  suffice,  in 
some  we  would  require  them  by  the  score.  Again,  in  none  of 
the  formations  do  we  meet  with  sudden  or  even  gradual  transi- 
tions in  the  fossil  contents  which  would  indicate  a  change  from 
Arctic  to  sub-tropical  forms,  or,  in  other  words,  a  change  from 
glacial  to  interglacial  life.  The  geographical  theory,  on  the  other 
hand,  by  no  means  precludes  the  occurrence  of  glacial  periods  at 
various  times  in  the  history  of  the  world.  Such  evidence  as  we 
at  present  possess  would  greatly  confirm  the  opinion  that  they 
have  been  of  not  unfrequent  occurrence,  although  the  intervals  are 
apparently  irregular ;  but  this  might  be  expected  from  the  nature 
of  the  causes  byw  hich  they  were  produced.  We  are  therefore, 
for  the  present,  convinced  that  the  more  insight  we  gain  into  the 
nature  of  the  drift  deposits,  and  the  more  we  become  acquainted 
with  the  flora  and  fauna  of  the  Glacial  period,  the  more  shall  we 
be  able  to  dispense  with  the  3000  feet  of  ice  which  are  affirmed 
to  have  covered  our  country,  and  the  better  able  to  explain  the 
climatic  conditions  of  the  Glacial  period  on  geographical  grounds. 
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The  Society  held  its  Forty-third  Annual  General,  or 
Anniversary,  Meeting  on  16th  Xovember  1876,  when  the  follow- 
ing Address  was  delivered  by  the  President,  David  Milne 
Home,  Esq.  of  IMilnegraden,  LL.D.,  F.P.RS.E.,  F.G.S. 

You  are  aware  that  it  is  customary  in  most  of  our  scientific 
bodies  to  begin  a  new  session  with  a  few  remarks  from  the  chair 
bearing  on  their  objects  and  operations. 

I  was  in  hopes  that  our  Patron,  the  Duke  of  Argyll,  would  have 
done  us  the  honour  of  being  present  this  evening  to  give  the 
opening  address.  He  was  applied  to,  and  His  Grace  received 
the  application  very  cordially,  but  he  found  that  he  was  unabls 
to  leave  home  at  present  for  reasons  which  he  was  so  good  as  to 
explain  to  the  Secretary  and  to  me,  and  the  cogency  of  which  we 
could  not  but  acknowledge  and  regret.  It  has  therefore  fallen  to 
me  to  attempt  a  duty  which  His  Grace  would  have  fulfilled  so 
much  better. 

Since  our  last  session,  which  closed  on  11th  May,  the  only 
operations  of  our  Society  have  been  several  excursions  to  places 
of  interest  in  the  neighbourhood  of  Edinburgh,  to  give  members 
an  opportunity  of  examining  rocks  in  situ,,  and  collecting  fossils. 
These  excursions  were  under  the  leadership  of  members  of  the 
Society,  who  knew  the  localities  and  could  point  out  what  was 
worth  looking  at.  I  regretted  not  having  had  it  in  my  power  to 
attend  any  of  these  excursions.  I  think  the  practice  a  most 
useful  one,  and  I  liope  it  will  not  be  given  up. 

During  the  last  six  months  several  things  have  occurred  of 
interest  in  Scottish  geology,  which  I  may  not  unfitly  bring  under 
your  notice. 

1.  In  June  an  address  on  the  "  Parallel  Pioads  of  Glen  Ptoy  " 
was  given  in  the  Iloyal  Institution,  London,  by  Professor  Tyndall 
of  London,  a  gentleman  well  known  for  his  eminent  scientific 
attainments,  and  for  his  devotion  to  speculations  connected  with 
glacier  action. 

It  appears  that  the  Professor,  shortly  before  his  address,  came 
from  London  to  the  Lochaber  district,  and  spent  some  days  there 
in  making  himself  conversant  with  the  phenomena,  to  enable  him 
to  form  an  opinion  on  the  question  as  to  the  origin  of  the  roads. 

A  printed  copy  of  this  address  was  kindly  sent  to  me,  on  a 
perusal  of  which  I  found  my  name  mentioned  in  complimentary 
terms,  but  ray  theory  to  account  for  the  "  roads  "  vigorously 
disputed. 

I  have  drawn  up  a  paper  containing  an  answer  to  Professor 


president's  address.  99 

Tyndali's  criticisms.  My  previous  memoirs  ou  this  subject 
having  appeared  in  the  "  Transactions  of  the  Eoyal  Society  of 
Edinburgh,"  this  new  paper  I  will  lay  before  that  society. 

2.  In  September  the  British  Association  met  at  (llasgow.  Its 
Geological  Section  was  properly  and  ably  presided  over  by 
Professor  Young. 

I  regretted  the  small  number  of  papers  brought  before  the 
Section  and  of  eminent  geologists  who  attended.  The  total  number 
of  individuals  who  submitted  papers  was  28,  of  whom  8  were 
Scotsmen,  and  3  were  members  of  our  Society. 

One  of  the  most  interesting  and  instructive  of  the  papers  read 
was  one  by  the  Duke  of  Argyll,  "  On  the  Physical  Structure  of 
the  Highlands  of  Scotland,  in  connection  with  their  Geological 
History." 

In  this  paper  His  Grace  gave  a  clear  and  graphic  summary  of 
all  the  geological  formations  of  the  Highlands,  with  a  sketch  of 
the  various  agencies — chemical,  volcanic,  and  glacial — by  which 
the  composition  and,  present  position  of  these  formations  had 
been  effected. 

A  discussion  followed,  in  which  three  or  four  professors,  besides 
other  geologists,  took  part.  It  must  be  gratifying  to  us  to  know 
that,  except  on  one  point,  there  was  a  general  concurrence  in  all 
the  views  which  the  Duke  expressed. 

The  point  on  which  there  was  not  a  unanimous  concurrence, 
was  one  of  so  much  importance  in  the  glacial  question,  that  it 
deserves  to  be  mentioned. 

The  Duke  stated  tliatin  his  opinion  "  during  the  Glacial  period 
the  work  of  denudation  was  done,  and  done  only,  by  ice  in  the 
three  well-known  forms, — first,  of  true  glaciers  descending  moun- 
tain slopes  ;  second,  of  icebergs  detached  from  the  termination  of 
these  glaciers,  where  they  reached  the  sea  ;  and  third,  by  floe 
or  surface  ice  driven  by  currents  which  were  determined  in 
direction  by  the  changing  contour  of  the  laud  during  the  pro- 
cesses of  submersion  and  re-elevation."  "I  disbelieve  alto- 
gether (said  his  Grace)  in  the  theory  of  what  is  called  an 
ice  cai),  or,  in  other  words,  hold  that  there  is  no  evidence 
that  there  ever  existed  any  universal  mantle  of  ice  higher 
or  deeper  than  all  the  existing  mountains,  covering  them,  and 
moving  over  them  from  distant  Northern  regions."  "  All  the 
phenomena  of  glaciation  which  are  exhibited  on  our  mountains, 
including  the  distribution  of  erratics,  can,  I  think,  be  adequately 
accounted  for  by  the  two  conditions  or  forms  of  moving  ice  now 
in  actual  operation  on  the  globe — viz.,  ice  moving  not  up,  but 
down  mountain  slopes  by  the  force  of  gravitation,  and  ice  floated 
by  water  and  driven  by  currents,  as  icebergs,  or  as  floes." 
("Nature,"  14th  Sept.  1876). 

The  reading  of  the  Duke's  paper  was  followed  by  a  discussion 
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iu  which  eight  geologists  took  part.  It  is  not  unimportant  to 
remark  that,  with  one  exception,  all  of  them  concurred 
with  His  Grace  on  the  subject  of  the  "  ice  cap."  Professor 
"Williamson  alone  dissented,  observing  that  he  "  was  surprised 
at  the  apparent  agreement  among  the  Scotch  geologists  in  their 
non-recognition  of  Agassiz's  ice-sheet." 

One  of  the  Scotch  geologists  thus  alluded  to  was  Professor 
Geikie.  As  his  remarks  were  not  fully  reported  in  "  Nature,"  I 
quote  what  he  said  on  the  glacial  question  from  two  local  news- 
papers. The  "  Glasgow  Herald  "  reported  thus  : — "  Professor 
Geikie,  after  referring  to  the  great  value  of  the  paper,  stated  that 
he  was  prepared  to  endorse  almost  every  word  of  it.  As  to  the 
ice-sheet,  he  quite  agreed  that  there  had  been  no  geological 
change  sufticieat  to  account  for  the  presence  of  the  enormous 
mass  of  ice  which  was  supposed  by  some  to  have  covered  the 
Northern  Hemisphere." 

The  "  Edinburgh  Courant "  reported,  on  this  point,  that 
"  Professor  Geikie  agreed  with  His  Grace,  that  there  was  no 
geological  change  to  show  that  there  had  been  the  enormous  mass 
of  ice  which  was  supposed  by  some." 

I  have  thought  it  right  to  make  this  point  clear,  because,  after 
these  declarations  by  eminent  geological  authorities,  some  of 
whom  had  previously  been  zealous  partisans  of  the  ice-cap 
theory,  we  shall  probably  bear  little  more  of  that  theory  in 
Scotland. 

3.  Another  thing  of  considerable  geological  interest,  which  has 
occurred  in  Scotland  during  the  last  six  months,  has  been  the 
pnUication  of  a  geological  ma})  of  Scotland  by  Professor  Geikie. 
Previously,  the  only  general  map  of  our  country  of  a  reliable 
character  which  we  had,  was  a  small  sketch  map  edited  jointly 
by  the  late  Sir  Roderick  Murchison  and  Professor  Geikie.  This 
one,  being  on  a  larger  scale,  contains  much  more  information. 
On  examining  those  parts  of  the  map  representing  districts  with 
which  I  am  acquainted,  I  willingly  bear  testimony  to  its  correct- 
ness. The  only  omission  which  I  noticed  regards  a  very  remark- 
able series  of  whin  dykes,  at  least  eight  in  number,  which  cross 
the  river  Tay  in  an  east  and  west  direction,  extending  from  Loch 
Earn  eastward  through  Forfarshire.  I  believe  that  these  dykes 
cross  the  whole  island  from  sea  to  sea. 

Professor  Geikie,  as  director  of  the  Scotch  Geological  Survey, 
and  acquainted  with  the  M'ork  of  his  field  assistants,  as  also  of 
work  done  by  local  amateur  geologists,  was  really  the  only  person 
who  could  undertake  the  construction  of  a  geological  map  of  the 
country,  and  that  objr'ct  he  has  ably  accomplished. 

It  would  have  added  to  the  value  of  the  map  had  it  been 
accompanied  by  some  explanation  (printed  on  the  boards)  dis- 
tinguishing the  work  of  the  survey  officers  from  the  work  of 
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other  observers.  Of  course  in  the  districts  surveyed  by  Professor 
Geikie  and  his  assistants,  the  information  given  on  the  map  will 
be  accepted  as  complete  and  correct.  It  would  also  have  been 
useful  to  have  indicated  the  districts  not  yet  overtaken  by  the 
Government  surveyors,  so  as  to  show  what  still  remained  open 
for  the  researches  of  private  individuals. 

Such  an  explanation  would  have  afforded  an  opportunity  of 
informing  the  Scotch  public  what  progress  had  been  made  in  the 
work  of  the  survey.  The  importance  of  that  survey  is  great, — not 
only  as  regards  geological  science,  but  also  for  the  help  it  gives  in 
searching  for  new  or  additional  sources  of  mineral  wealth,  by  in- 
dicating the  districts  of  country  where  these  should  be  sought  for. 

4.  The  next  matter  of  geological  interest  I  refer  to  is  the  recent 
Arctic  Expedition,  which  lias  returned  home  within  the  last  few 
weeks.  Though  the  primary  object  of  the  expedition  has  not 
been  realised,  a  large  amount  of  scientific  information  has  no 
doubt  been  gathered.  The  glimpses  already  given  in  the  reports 
published  in  the  newspapers  show  that  the  geological  discoveries 
are  of  primary  importance. 

The  remarkable  discovery  made  some  years  ago  of  coal  seams 
in  Melville  Island,  proving  that  in  former  ages  a  tropical  climate 
once  prevailed  in  the  Arctic  circle,  has  been  fully  confirmed  by 
the  fitiding  of  coral  f(5Ssils,  which  indicate  a  tropical  ocean. 

The  deductions  by  former  Arctic  explorers,  that  the  land  about 
latitude  82°  has  risen  gradually  out  of  the  sea  to  a  great  height,  is  , 
also  confirmed — 1st,  by  the  discovery  of  post-Pliocene  beds  of 
gravel  and  sand,  full  of  W\q  fauna  audjlora  of  the  adjoining  sea, 
up  to  a  height  exceeding  1000  feet ;  and  2d,  by  the  smoothing  of 
rocks  by  ice  floes  up  from  the  present  sea  level  to  about  400  feet, 
when  the  smoothing  disappears  only  because  of  the  decomposition , 
of  the  rocks. 

This  observation  supports  an  opinion,  founded  on  other  data, 
suggested  some  years  ago  by  Kane  and  Hayes,  that  whilst  the 
land  north  of  latitude  76°  has  been  rising,  the  land  south  of  that 
line  has  been  sinking.  The  sinking  of  the  land  has  been  in- 
dicated by  the  erections  of  human  workmanship  in  South 
Greenland  having  been  found  under  the  sea. 

These  speculations,  which  have  now  increased  presumptions  in 
their  favour,  point  of  course  to  the  existence  formerly  of  a  con- 
tinent situated  to  the  south  of  Greenland, — which  would  explain 
several  things  in  our  own  country  not  otherwise  intelligible. 

Thus,  there  are  at  least  three  plants  in  the  north-west  of 
Ireland  and  the  Island  of  Skye  whose  natural  habitat  is  Labrador, 
and  which  exist  in  no  other  part  of  Europe.  This  fact  led  the 
late  Edward  Forbes  to  infer  the  existence  of  a  continent  nearer 
Europe  than  Labrador,  from  which  these  plants  might  have  been 
transported  by  floating  ice. 
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So  also  on  all  the  Outer  Hebrides,  and  on  the  north-west  coast 
of  the  mainland  of  Scotland,  there  are  undoubted  marks  on  the 
rocks,  at  great  heights,  which  show  that  ice,  carrying  boulders  and 
striating  these  rocks,  must  have  come  from  the  sea  in  a  north- 
west direction. 

As  it  is  probable  that  the  reports  of  the  Arctic  expedition 
officers  will  throw  light  on  such  speculations,  it  is  natural  that 
the  publication  ot  them  in  detail  should  be  looked  forward  to 
with  much  interest. 

5.  Another  poiut  to  which  I  may  refer,  is  the  bringing  out  of  a 
"  second  edition  "  of  the  book  called  "  The  Great  Ice  Age."  As 
it  was  only  three  years  ago  that  the  first  edition  was  published, 
so  early  a  call  for  a  second  edition  shows  the  interest  taken  by 
the  general  public  in  all  that  is  ascribed  to  glacier  agency. 

Mr  James  C4eikie  has  done  well  in  acceding  to  the  call  made 
upon  him,  and  in  giving  to  this  edition  some  additional  attrac- 
tions by  means  of  several  effective  engravings. 

The  interest  attaching  to  the  subject  is  much  enhanced  by  the 
discovery  that,  not  only  during  post-Pliocene  times,  but  even  in 
the  early  epochs  of  the  earth's  history,  indicated  by  the  older 
formations,  viz.,  the  Old  Eed  Sandstone,  the  Carboniferous  and 
the  Chalk,  boulders  occur,  and  striations  on  the  rocks  have  been 
observed,  similar  to  those  of  recent  date.  '  ' 

It  is  therefore  important  that  the  phenomena  of  recent  data 
should  be  extensively  observed,  and  be  correctly  understood,  to 
enable  us  to  exj)lain  the  fainter  traces  of  ice  action  at  former 
periods. 

I  know  of  no  other  book  in  the  English  language,  than  this 
one  of  j\Ir  Geikie,  which  is  devoted  to  an  enumeration  of  facts, 
and  to  an  enunciation  of  inferences,  applicable  exclusively  to  ice 
action ;  and  I  think  that  geologists  are  greatly  obliged  to  him, 
even  though  to  many  of  its  facts  and  inferences  objections  may 
well  be  taken.     Let  me  enumerate  a  few  of  these. 

(1)  I  see  that  Mr  Geikie  adheres  to  his  old  views  about  an  ice- 
cap, or  ice-sheet,  under  Mhich  (I  quote  his  words)  " all  Scotland, 
save  the  higher  mountains  tops,  lay  buried, — the  same  overwhelm- 
ing mantle  of  ice  wrapping  the  northern  part  of  England,  Wales, 
and  Ireland  in  its  folds."  (page  564). 

On  this  point,!  need  only  refer  to  the  discussion  in  the  Geological 
Section  of  the  British  Association  at  Glasgow,  when  all  the  Scotch 
geologists  present,  and  most  of  the  English  geologists,  concurred 
in  abandoning  that  speculation. 

(2)  I  observe  that  ^Nlr  Geikie  adheres  to  his  former  view  that 
the  striations  on  the  rocks  of  the  Hebrides  and  the  north-west 
coasts  of  the  mainland  of  Scotland  all  indicate  a  movement  from 
the  mountains  of  the  interior. 

Thus  in  the  Long  Island,  which  Mr  CJeikie  says  he  personally 
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examined  in  the  year  1872,  lie  found  that  the  uiovemeut  across 
the  island  had  been  from  the  south-east.  In  his  map  accom- 
panying the  first  edition,  six  or  seven  spots  bear  red  coloured 
arrows  to  indicate  this  fact ;  and  in  the  map  accompanying  the 
second  edition,  these  red  coloured  arrows  are  increased  to  16  or  17 
in  number. 

Now,  it  has  been  frequently  pointed  out,  that  other  geologists 
entirely  differ  from  Mr  Geikie  on  this  point. 

Mr  Geikie  frankly  and  properly  refers  in  a  foot-note  to  the 
fact  that  Mr  J.  F.  Campbell  of  Islay  and  Dr  Bryce,  our  vice- 
president,  differ  from  him.  If  he  had  been  present  at  the  Glasgow 
meeting  of  the  British  Association  he  would  have  found  that  the 
Duke  of  Argyll,  Professor  Harkness,  and  Mr  Jolly  of  Inverness 
also  gave  decided  testimony  in  opposition  to  his  views. 

(3)  Mr  Geikie  in  his  first  edition,  whilst  adverting  to~  the 
subject  of  kaims,  in  one  part  of  his  book,  contended  that  they 
were  formed  by  torrents  of  fresh  water,  and  in  another  part 
allowed  that  some  kaims  were  submarine  deposits. 

This  apparent  inconsistency  he  has  now  corrected,  by 
withdrawing  his  concession,  that  any  were  submarine. 

To  the  change  of  his  opinion  on  this  point  he  calls  attention  in 
his  Preface  (page  xv.).  At  the  close  of  his  20th  chapter  he  uses 
these  words  in  regard  to  kaims  :  "  To  explain  the  occurrence  of 
these  anomalously  situated  deposits,  I  believe  we  shall  be  com- 
pelled to  have  recourse  to  the  solution  proposed  by  a  Swedish 
geologist,  viz.,  that  they  have  been  formed  underneath  the  ice- 
sheet  ;  and  the  manner  in  which  they  may  have  accumulated,  I 
shall  describe  in  the  next  chapter."  (page  237). 

I  do  not  at  present  discuss  this  or  any  other  view  announced 
in  Mr  Geikie's  book  ;  I  wish  only  to  observe  that  his  opinion  that 
the  kaims  and  other  beds  of  stratified  detritus  are  not  submarine, 
but  have  been  formed  under  an  ice-sheet,  is  not  shared  in  by  the 
geologists  of  Ireland,  America,  or  Sweden,  in  all  which  countries 
the  kaims  occur  on  a  larger  scale  than  in  Scotland,  and  that  the 
finding  of  sea  shells  in  gravel-beds,  at  heights  of  several  hundred 
feet  above  the  sea,  in  England,  Ireland,  and  Scotland  ought  surely 
to  leave  no  doubt  on  the  subject. 

(4)  Mr  Geikie  is  very  unwilling  to  allow  that  the  land  has 
ever  been  submerged  beneath  the  sea. 

He  says  (page  247) :  "  I  hold  that  neither  the  erratics  nor  any 
portion  of  the  stratified  and  reasserted  upper  drifts  of  the  interior 
(of  our  country)  afford  any  evidence  in  favour  of  marine 
submergence  ;  but  that  all  the  phenomena  must  be  attributed  to 
the  combined  action  of  the  retreating  ice-sheet  and  local  glaciers, 
and  those  great  floods  and  inundations  that  marked  the  gradual 
disappearance  of  Arctic  conditions."  But,  as  if  feeling  that  a 
more  explicit  account  of  his  views  would  be  expected  regarding 
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the  transport  of  boulders,  Mr  Geikie  himself  puts  the  question, 
"  How  do  we  account  for  the  scattering  of  these  far  travelled 
blocks  over,  we  may  say,  the  whole  face  of  the  country  ?  Some 
of  them,  it  is  evident,  must  have  crossed  wide  valleys  and  con- 
siderable hills  before  they  came  to  a  final  rest.  The  highland 
boulders  on  the  Pentlands  and  Lammermuirs,  for  example,  after 
crossing  Strathallan  or  Strathearn,  traversed  either  the  Campsie 
or  the  Ochil  hills,  and  passed  athwart  the  broad  vale  of  the 
Forth  before  they  finished  their  journey.  By  what  agent  were 
they  transported  ?  The  answer  is — By  a  colossal  (ilacicr.  So,  in 
like  manner,  would  I  account  for  the  presence  of  the  numerous 
grey  granite  boulders  that  strew  the  slopes  of  the  Galloway 
mountains ;  for  the  boulders  that  cluster  along  the  northern  face 
of  the  Sidlaws  and  the  Ochils  ;  for  the  perched  blocks  that  occur 
up  to  great  heights  in  the  glens  and  valleys  of  the  Highlands  ; 
and  for  those  that  dot  the  surface  of  Orkney  and  Shetland  and 
the  islands  of  the  Hebrides  "  (page  200). 

Thus,  according  to  Mr  Geikie,  the  transport  of  these  far 
travelled  boulders  to  the  various  mountains  on  which  they  have 
stuck  is  attributable,  not  to  floating  ice,  but  to  "  a  colossal  glacier," 
meaning  the  great  ice-sheet, — by  which  he  supposes  that  not 
Scotland  only,  but  a  great  part  of  England  also  was  covered. 

It  is  unnecessary  for  me,  after  the  almost  unanimous  repudia- 
tion of  that  fancy  at  the  British  Association  meeting  in  Glasgow, 
to  show  its  unsoundness. 

There  would  have  been  less  inducement,  on  my  part,  to  have 
said  so  much  about  this  book  had  the  views  expressed  in  it  been 
put  forward  merely  as  suggestions  deserving  consideration.  But 
they  are  generally  announced  in  such  terms  as  to  lead  to  the  idea 
that  they  are  truths  indubitable  and  acknowledged.  The  book 
is,  as  the  title  page  states,  written  by  an  oflicer  of  H.M. 
Geological  Survey.  It  bears  date  from  the  Geological  Survey, 
Perth,  and  it  is  inscribed  to  Professor  Ilamsay,  the  director- 
general  of  the  Geological  Surveys  of  the  United  Kingdom,  who  is 
spoken  of  in  the  dedication  as  the  author's  "  teacher  and  friend," 
so  that  the  book  comes  before  the  public  with  a  certain  amount 
^-    ^       rt      of  ofticial  authority. 

V  qW  «a  \         At  the  same  time  I  freely  adrait  that  the  book  is  exceedingly 
^^Jj       \       valuable.     It  will  serve  to  awaken  attention  to  a  most  important 

V  1^*  part  of  geological  science,  and  to  stimulate  farther  researches 
V  ^^  bearing  on  the  questions  treated  of  by  the  author. 

•^X^  6.  Another  matter  which  it  occurs  to  me  to  advert  to,  is  the 

publication  of  two  interesting 2ycipcrs  on  ice  agency  in  the  two  last 
numbers  of  the  "  Geological  Magazine." 

In  the  October  number  there  is  a  paper  by  Dr  Landor  of  Ontario, 
Canada,  "  On  Ground  Ice  as  a  Carrier  of  Stones  and  Debris.'' 
The  paper,  it  appears,  was  written  in  the  year  1869,  and  read  to 
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a  Canadian  Society.  It  had  become  known  to  Mr  James  Geikie, 
and  as  he  found  it  had  not  been  reproduced  in  this  country,  he 
sent  it  to  the  "  Geological  Magazine,"  on  account,  as  he  says,  of 
its  importance.  In  this  paper  Dr  Landor  states  that  annually 
in  the  St  Lawrence  and  other  Canadian  rivers,  even  of  small 
size,  he  has  seen  "  a  vast  number  of  pebbles  and  stones  as  big 
as  a  foot  in  diameter  cai'ried  away  by  ground  ice ; "  and  he  has 
no  doubt  that  the  bottoms  of  all  the  lakes  of  North  America  are 
strewed  with  gravel,  and  even  small  boulders,  which  have  been 
brought  into  them  in  this  way  by  rivers  ;  and  that  the  seeds  of 
plants,  and  the  ova  of  fish  and  insects,  are  by  the  same  means 
transported  and  distributed  over  wide  areas  of  the  earth's  surface. 

The  other  paper  is  by  Professor  Milne,  "  On  Ice  and  Ice  "Work 
in  Newfoundland  ; "  and  its  object  is  to  describe  the  immense 
amount  of  work  done,  not  only  in  transporting  boulders,  but  in 
striating  rocks,  by  floe  ice,  on  the  coasts  of  Newfoundland  and 
liabrador.  In  particular  he  specifies  the  Island  of  St  John,  the 
rocks  on  which,  consisting  of  limestone,  have,  owing  to  this  cause, 
been  "  planed  perfectly  flat  ; — and  then  across  the  surface 
so  planed,  a  series  of  parallel  lines  several  yards  in  length,  from 
3  to  6  inches  apart,  and  from  one-eighth  to  one-fourth  of  an 
inch  deep,  had  been  evenly  ruled.  Sometimes  (he  adds)  instead 
of  lines  crossing  an  even  plane,  similarly  marked,  smooth,  trough- 
like hollows  have  been  formed  "  (page  405).  Professor  Milne 
mentions  that  "  where  the  pack-ice  can  Hoat  up  and  down  along 
the  foot  of  a  cliff,  or  in  deep  water  near  rocks,  the  consequences 
are  the  formation  of  horizontal  grooves  aud  scratches ;  and  these 
are  in  some  cases  carried  to  such  an  extent,  that  the  cliff  may  be 
undercut"  (p.  406). 

Professor  Milne  adds,  that  "  looking  at  the  Northern  Hemi- 
sphere alone,  and  comparing  the  deeply  indented  coast  lines,  say 
of  North  America  and  Greenland,  every  yard  of  which  is  more  or 
less  subject  to  the  action  of  coast-ice,  with  the  portions  which 
throw  off  glaciers  to  form  bergs,  tlie  coast  ice  must  in  quantity 
be  infinitely  greater  than  the  glaciers.  The  northern  field  ice, 
when  it  arrives  in  the  latitudes  of  Newfoundland,  is  often  seen 
to  be  covered  with  boulders,  gravel,  kelp,  and  other  materials, 
showing  it  to  have  been  at  some  time  or  other  in  contact  with 
the  coast.  In  Newfoundland,  which  appears  to  be  a  rising  area, 
there  is  every  reason  to  suspect  that  many  of  the  markings  seen 
round  the  coast,  which  have  hitherto  been  attributed  either  to 
glaciers  or  to  icebergs,  have  been  impressed  by  coast  ice 
(pp.  408,  9). 

Reports  such  as  those  by  eye  witnesses,  of  the  agency  of  float- 
ing ice,  not  only  in  transporting  boulders  but  in  striating  rocks, 
seem  to  me  exceedingly  valuable,  and  throw  a  large  amount  of 
new  light  on  the  subject. 
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7.  Before  concluding  these  somewhat  desultory  notes,  I  may- 
mention  the  recent  discovery  of  two  small  boulders  in  the  west 
of  Scotland,  which  appears  to  me  extremely  interesting. 

(1)  Xear  Kilwinning,  in  Ayrshire,  a  coal  pit  has  recently  been 
sunk.  The  Pleistocene  beds  above  the  rocks  are  about  42  feet 
thick.  One  of  these  is  a  bed  of  muddy  sand  18  feet  tliick,  con- 
taining Arctic  shells,  and  in  this  bed  a  small  boulder  of  Jlint 
was  found. 

]\Ir  Robertson  of  Glasgow,  who  pays  great  attention  to  these 
Pleistocene  deposits,  has  been  so  obliging  as  to  send  to  me  a  small 
chip  of  this  boulder,  and    I  now  produce  it  for  your  inspection. 

Mr  Robertson  in  his  letter  states  that  he  has  in  his  possession 
a  portion  of  anotlier  flint  boulder  found  on  an  Island  in  Loch 
Lomond  in  a  clay  bed  containing  Arctic  shells. 

The  question  arises,  where  did  these  flint  boulders  come  from  ? 

I  see  from  Professor  Geikie's  map,  that  the  only  part  of 
Scotland  where  chalk  exists  is  in  the  Island  of  Mull,  distant 
about  30  miles  to  the  north-west. 

These  flint  boulders  found  in  the  west  of  Scotland  remind  me 
of  the  flints  which  were  produced  at  a  meeting  of  our  own  Society 
last  \vinter,  accompanied  by  a  most  interesting  paper,  in  which 
Mr  Smyth  described  the  locality  where  they  had  been  found, — 
viz.,  in  a  great  sand  pit  between  Arthur  Seat  and  Leith.  By  the 
kindness  of  Mr  Smyth,  I  now  exhibit  some  of  the  specimens  of 
these  flint  boulders. 

(2)  The  other  boulder  to  which  I  referred  was  one  of  galena, 
or  sulphuret  of  lead,  found  in  Glasgow  when  an  excavation  was 
being  made  for  the  foundation  of  a  large  new  building.  The 
deposits  here  (beginning  at  the  surface)  consisted  of — 1st,  a  bed 
of  yellow  clay  2  feet  thick  ;  next,  a  bed  of  sand,  which  in  its 
lower  part  passed  into  coarse  gravel.  In  this  coarse  gravel,  at  a 
depth  from  the  surface  of  10  feet,  the  boulder  was  found.  It 
weighed  about  1  cwt.,  and  was  of  an  irregular  oval  shape, 
rounded  at  the  corners. 

Mr  Young,  curator  of  the  Glasgow  University  Museum,  who 
has  had  the  kindness  to  send  to  me  a  bit  of  this  boulder  for 
exhibition  here  to-night,  has  been  trying  to  discover  districts  in 
Scotland  from  whence  this  boulder  came.  There  are  three 
districts  where  lead  veins  abound — viz.,  at  Tyndrum,  at  Inverteill 
in  Argyllshire,  and  at  Leadhills  in  Dumfriesshire. 

The  subject  is  obtaining  full  consideration  at  the  hands  of  Mr 
Young,  and  the  result  of  his  inquiries  will  be  stated  at  an  early 
meeting  of  the  Glasgow  Geological  Society. 

Perhaps,  whilst  referring  to  the  subject  of  boulders,  I  may  be 
permitted  to  refer  to  the  existence  of  a  committee  appointed 
some  years  ago,  by  the  Royal  Society  of  Edinburgh,  to  collect 
information   regarding   Scotch   boulders.     That  committee   has 
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published  three  reports ;  and  being  convener  of  the  committee  I 
am  now  collecting  materials  for  a  fourth  report.  There  are,  in 
the  Transactions  of  our  Society,  notices  of  a  number  of  boulders, 
which  I  propose  to  refer  to  in  our  next  report ;  and  I  should  be 
glad  to  receive  from  members  of  this  Society  notes  of  any 
boulders  of  an  interesting  character  with  which  they  are 
acquainted,  so  that  these  also  may  be  included  in  our  next 
report. 

Gentlemen,  in  concluding  my  address,  I  have  to  express  a 
hope,  that  during  the  present  session  we  may  have  an  abundance 
of  interesting  papers.     We  are  fortunate  in  having  a  Secretary, 
who,  being  energetic  and  popular,  and  also  a  good  geologist,  will  ,CJ|q_  dt/iuix 
no  doubt  know  where  he  can  seek  for  interesting  materials  to  lay  1 1    a    *      ^^ 
before  us.     But  I  trust  that  members  will  not  require  to  be         f-^'^         . 
canvassed,  and  that  they  will  volunteer  papers  on  any  subjects        CMa-^n'^^^  ' 
which  they  think  are  calculated  to  create  interest  and  induce 
discussion. 

On  the  motion  of  Mr  Henry  Cadell  of  Grange,  formerly 
Vice-President  of  the  Society,  seconded  by  Mr  Binning  Home 
of  Argaty,  the  thanks  of  the  Society  were  awarded  to  Mr  Milne 
Home. 

The  Society  then  elected  the  following  office-bearers  for 
Session  1876-77:— 

Preside7it — D.  Milne  Home,  LL.D. 

Vice-Presidents. 

James  Bryce,  LL.D.  |  James  Melvin. 

Honorary  Secretary — Ralph  Richardson,  F.R.S.E. 

Treasurer — George  Lyon.  |  Librarian — R.  D.  Ker. 

Curator  of  Museum— JouN  Henderson. 

Councillors. 


Andrew  Fleming,  M.D. 
Andrew,  Taylor,  F.C.S. 
James  Linn. 


John  Buchanan,  C.E. 
Alexander  Somervail. 
Thomas  W.  Kilgour. 
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18th  January  1877. 

James  Bryce,  Esq.,  LL.D.,  Vice-President,  in  the  Chair. 

The  following  Communication  \vas  read : — 

Notice  of  Glaciated  Rock  Surfaces  (displaying  Corals)  near  Bath- 
gate, recently  qxmrried  away.  By  Ralph  Kichardson,  F.R.S.E., 
Honorary  Secretary. 

Mr  James  Linn  kindly  showed  me,  on  28th  June  last,  an 
interesting  glaciated  rock  about  a  mile  distant  from  Bathgate. 
It  was  the  surface  of  a  bed  of  Carboniferous  limestone  (marine) 
in  Petershill  quarry,  dipping,  from  E.S.E.  to  W.N.W.  (true),  at  an 
angle  of  30°.  This  glaciated  surface  was  laid  bare  about  a  year 
before  we  saw  it,  and  has  been  recently  quarried  away  ;  so  that 
a  notice  is  desirable,  if  only  to  record  the  fact  of  its  having  once 
existed. 

The  rock  in  question  was  about  15  yards  long  by  3  wide,  and  a 
great  portion  had  been  already  removed  by  the  quarrying  opera- 
tions. At  the  north  end  of  the  rock,  in  particular,  the  original 
glaciated  surface  was  well  preserved,  and  a  beautiful  specimen  of 
Lonsdalcia  floriformis  coral  was  displayed.  It  had  been  polished 
quite  smooth  by  the  glaciating  agent.  In  the  case  of  another 
specimen  of  the  same  coral,  which  was  also  visible,  the  polishing 
had  been  obliterated  by  weathering.  Various  corals  of  the  same 
species,  also  Spirifers  and  Encrinites,  and  a  specimen  of  Cauda 
gain  (supposed  by  Professor  Ramsay  to  be  a  seaweed*)  were  also 
displayed — in  every  case  polished.  The  polishing  was  much 
more  perfect  where  the  corals  appeared  in  the  surface  of  the 
limestone,  their  structure  being  harder  than  the  limestone. 
Indeed,  this  hardness  of  the  fossils  j^roduced  protuberances  in  the 
surface  of  the  rock  in  which  they  appeared,  the  glaciating  agent 
having  eroded  the  rock-surface  around  the  corals.  The  erosive 
power  and  action  of  the  agent  (ice)  is  shown  by  its  having 
removed  the  softer  limestone  surrounding  tlie  corals,  which  con- 
sequently protruded  from  it  slightly. 

The  rock  under  notice  was  situated  about  700  feet  above  the 
sea-level.  Strife  crossed  its  surface  at  various  places,  running 
E.S.E.  and  W.N.W.  (true),  the  line  of  the  dip.  No  cross  stride 
were  observed  ;  consequently  the  rock  seems  to  have  been  planed, 
polished,  and  striated  by  some  agent  moving  persistently  in  one 
direction,  such  as  a  glacier — not  an  iceberg.  Above  the  rock 
occurred  a  bed  of  boulder-clay  about  13  feet  deep,  proving  that 
•  Mr  Salter's  Appendix  to  GeoL  Survey's  Memoir  32,  p.  150. 
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previous  to  the  deposition  of  the  boulder-clay,  the  subjacent  rock 
under  notice  had  been  completely  polished  and  striated  by  the 
passage  over  it  of  some  heavy,  closely-enveloping  agent, 
presumably  ice.  In  the  middle  of  the  boulder  clay  a  somewhat 
singular  regular  line  of  boulders  occurred,  some  of  greenstone, 
some  of  sandstone  full  of  vegetable  remains,  and  some  of  coarse 
limestone.  About  4  feet  of  tirring  topped  the  bed  of  boulder 
clay. 

Another,  but  much  smaller,  glaciated  rock  surface  occurred  in 
a  bed  of  limestone  about  a  quarter  of  a  mile  to  the  north  of  that 
just  noticed.  Its  surface  was  polished  like  the  other,  and  the 
dip  of  this  bed  and  the  striae  upon  its  surface  corresponded  with 
those  of  the  bed  first  mentioned.  I  am  glad  to  say  that  Mr  Linn 
arranged  with  the  quarrymen  to  preserve  for  him  the  beautiful 
glaciated  specimen  of  Lonsdalcia  floriformis  above  noted.  He 
informs  me  that,  on  visiting  Petershill  in  company  with  our  last 
elected  Foreign  Corresponding  Fellow,  Major  Brooks  of  the 
Geological  Survey  of  Wisconsin,  U.S.,  on  6th  July  last  (our  visit 
had  taken  place  only  a  week  before),  he  found  that  the 
ice  markings  on  the  bed  first  described  in  this  paper  had  all  been 
quarried  away.  He  secured  two  fragments,  however,  from  the 
quarrymen.  The  rapidity  with  which  interesting  geological 
phenomena  often  disappear,  by  human  as  well  as  by  elemental 
agencies,  proves  the  desirability  of  their  being  observed  and 
recorded  without  any  delay  ;  and  this,  I  think,  should  be  regarded 
as  one  of  the  prime  uses  and  duties  of  a  Society  such  as  ours. 


2d  February  1877. 


D.  Milne  Home,  Esq.,  LL.D.,  President,  in  the  Chair. 

The  following  Communication  was  read : — 

Note  on  a  Striated  Erratic  recently  exposed  at  Granton ;  with 
Observations  on  the  Requisites  for  Determining  the  Parent  Rocks 
of  Erratics.  By  Ealph  Eichardson,  F.R.S.E.,  Honorary 
Secretary. 

The  portion  of  an  en^atic  exposed  at  Granton  Harbour  by  the 
recent  storm  is  certainly  one  of  the  most  perfectly  striated  rocks 
I  ever  saw.  As  an  instance  of  striation  it  well  deserves  a  visit, 
and  as  the  tide  will  probably  soon  obliterate  the  strise  upon  it, 
the   rock  itself   should  be  briefly  noticed    in  this  Society.     It 
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occurs  ou  the  shore  at  the  foot  of  the  sea-wall  not  far  to  the  west 
i>f  Grauton  pier,  and  cousiderably  to  the  east  of  the  western 
breakwater.  The  seawall  protecting  the  road  along  the  shore 
covers  what  is  probably  the  larger  portion  of  the  erratic,  only  the 
northern  end  of  which  has  l)een  laid  bare  and  is  now  visible.  The 
portion  exposed  is  about  2  yards  long  by  1  yard  broad.  The 
rock  is  apparently  of  greenstone,  and,  as  the  diagi-am  shows,  the 
portion  e.xposed  is  of  a  flat  rather  than  round  shape.  Striae  in 
regular  long  parallel  grooves  cross  the  rock  in  a  direction  E.N.E. 
and  W.S.W.  (true).     No  cross  stride  appear. 

Of  course,  striie  in  the  case  of  an  erratic  prove  nothing  so  far 
as  the  direction  of  the  glaciating  agent  is  concerned.  But  look- 
ing to  the  regularity  and  length  of  the  stride  on  this  rock,  to  the 
fact  that  no  cross  striae  occur,  and  to  the  flat  shape  of  the  rock 
itself,  I  should  imagine  that  the  erratic  before  us  may  possibly 
have  been  at  one  time  a  portion  of  a  roche  moxdonnie  which  had 
been  split  off  by  frost  action  and  laid  down  here  by  glacial 
agencies,  without  its  having  been  subjected  to  that  tossing  to  and 
fro,  rounding,  cross  scratching,  and  general  disfigurement  which 
ordinary  boulders  have  evidently  undergone.  Another  tlieory  to 
account  for  the  regularity  of  its  striation  might  be  that  this 
greenstone  erratic  had  been  deposited  here  in  a  rough  state,  and 
that  it  had  been  planed,  polished,  and  striated  by  the  passage 
over  it  of  ice  entering  the  sea  at  this  point. 

As  to  the  precise  locality  whence  this  rock  was  derived,  I  do  not 
speculate,  as  greenstone  occurs  in  many  places  all  round  the 
present  site  of  the  erratic  under  notice.  Indeed,  this  erratic  may 
be  said  to  lie  nearly  in  the  centre  of  a  district  aliounding  in 
detached  masses  of  greenstone.  To  the  north,  we  find  greenstone 
on  the  shores  of  Fife  and  in  the  islands  Inchcolm  and  Inchkeith 
in  the  Firth  of  Forth.  To  the  north-west,  we  find  greenstone  at 
Inverkeithing  and  North  Queensferry.  Crossing  the  ferry,  we 
find  greenstone  again  occupying  Dalmeny  Park  and  stretching  in 
a  long  band  from  Cramond  Island  as  far  inland  as  West  Craigs. 
Further  south  we  find  another  belt  of  greenstone  extending  from 
liatlio  railway  station  to  Bonnington  House.  The  Dalmahoy 
Crags  are  greenstone,  Corstorphine  Hill  is  greenstone,  Craig- 
lockhart  Hill  is  greenstone,  Salisbury  Crags  are  greenstone.  Our 
erratic  at  Granton  is  apparently  greenstone  also,  but  you  may 
now  judge  of  the  ditficulty  of  ascribing  to  it  a  parent  rock,  and 
stating  definitely  whether  the  rock  in  sit ic  from  which  it  was 
derived  is  situated  to  the  north,  south,  east,  or  west  of  Granton. 

Unless  and  until  we  had  a  slice  of  this  erratic  subjected  to 
minute  mineralogical  analysis,  we  could  not,  I  submit,  with  any 
thing  like  scientific  accuracy,  say  whence  this  erratic  was  derived. 
i  believe  that  such  analysis,  if  a]>plied  to  them,  would  show  that 
a  difference  exists  betwixt  each  of  the  detached  greenstone  masses 
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round  Edinburgh  to  which  I  have  referred,  and  that  if  they  were 
each  analysed  and  classified,  an  erratic  like  that  at  Gran  ton,  when 
similarly  analysed,  could  be  relegated  with  some  degree  of 
accuracy  to  its  parent  rock.  It  has  always  appeared  to  me  that 
it  would  be  an  all  important  point  in  the  evidence  relative  to  the 
direction  followed  by  erratics,  in  this  as  in  other  districts,  if  we 
could  compare  slices  of  them  with  slices  of  known  rocks  in  situ  ; 
but  this  kind  of  evidence  implies  a  knowledge  of  mineralogy  and 
the  use  of  the  miscroscope  with  which  few  are  gifted,  as  also  the 
possession  of  certain  instruments  requisite  to  prepare  rock  slices 
for  microscopical  analysis,  of  which  instruments  I  have  only  heard 
of  one  (and  that  recently  introduced)  in  this  city. 

So  far  as  I  am  aware,  this  line  of  evidence  has  not  yet  been 
systematically  followed  in  connection  with  the  observation  of 
glacial  phenomena.  Our  Foreign  Corresponding  Fellow,  Dr  Daniel 
Hahn,  himself  a  first-rate  mineralogist,  and  a  pupil  of  the  famous 
Zirkel  of  Leipzig,  agreed  to  send  to  a  German  laboratory  slices  of 
the  trap-rocks  of  the  Edinburgh  district,  so  that  we  might  have 
them  at  last  carefully  and  authoritatively  analysed  and  definitely 
classified  ;  and  I  furnished  him  with  one  or  two  specimens  for 
this  purpose,  as  also  with  a  chip  from  a  Tynecastle  boulder. 
He  left,  however,  for  the  Cape  of  Good  Hope  (where  he  still  is), 
shortly  afterwards,  and  I  have  not  since  heard  from  him.  So 
the  scheme  still  rests  in  embryo.  A  special  conmiittee  of  this 
Society  was  formed  to  take  up  the  subject,  but  it  has  as  yet 
made  no  report. 

To  show  the  importance  such  a  scheme  of  mineral ogical 
microscopical  analysis  would  have  upon  reading  the  history  of 
glacial  times,  I  may  just  cite  another  practical  instance  besides 
that  of  the  Granton  erratic.  Mr  Milne  Home  and  I  inspected, 
in  February  1874,  the  sandpit  then  newly  opened  at  Tynecastle, 
and  which  displayed  numerous  greenstone  boulders.  The  ques- 
tion, of  course,  occurred  to  us,  Whence  were  they  derived  ?  Did 
the  ice  that  conveyed  them  follow  a  south-easterly  route,  say  from 
Corstorphine  Hill  ?  or  did  it  follow  a  north-easterly  one,  say  from 
Craiglockhart  or  the  Dalmahoy  Crags  ?  Or  were  both  of  these 
surmises  incorrect,  and,  as  analysis  could  alone  show,  were  these 
erratics  derived  from  another,  perhaps  totally  different,  quarter  ? 
I  thiuk  you  will  agree  with  me  that,  whilst  with  our  present 
knowledge  we  should  be  exceedingly  careful  in  ascribing  to  this 
or  that  rock  mass  in  situ  the  parentage  of  erratics,  it  would  be 
very  desirable  that,  and  our  knowledge  of  the  district  will  never 
be  complete  till,  we  have  both  the  trap-rocks  in  situ,  and  the 
erratics  which  lie  strewn  about  in  every  direction,  submitted  to 
mineralogical  microscopical  analysis,  and  properly  classified. 
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Tld  Fehruary  1877. 

James  Melvin,  Esq.,  Vice-President,  in  the  Chair. 

The  following  Communication  was  read  : — 

On  the  Occurrence  of  Chalk  Flints  and.  Grcensand  Fossils  in 
Aberdeenshire.  By  William  Ferguson  of  Kinmundy,  F.R.S.E., 
F.G.S.,  F.L.S. 

In  submitting  for  the  inspection  of  the  Edinburgh  Geological 
Society  the  specimens  of  flints  and  greensand  fossils  now  on  the 
table,  from  the  district  of  Buchan,  in  Aberdeenshire,  I  present 
also  the  following  notes  on  their  occurrence. 

The  locality  may  be  generally  described  as  that  part  of  the 
north-eastern  portion  of  the  county  of  Aberdeen  lying  between 
the  mouth  of  the  Ythan  on  the  south  and  the  town  of  Peterhead 
on  the  north,  embracing  portions  of  the  parishes  of  Slains,  Ellon, 
Old  Deer,  and  Peterhead.  The  general  features  of  the  district 
are  those  usually  exhibited  when  the  primary  or  crystalline  rocks 
predominate  as  the  foundation  rock.  These  rocks,  mostly 
granite,  are  covered  with  a  thick  coating  of  gravels  and  clays, 
making  their  appearance  chiefly  on  the  coast  lines.  We  have, 
however,  presented  to  us  here  and  there  some  interesting 
geological  occurrences,  which  we  may  call  anomalies,  or  at  least 
what  appear  anomalies  at  present,  though  gi-eater  light  and  a 
wider  observation  may  yet  show  them  to  be  occurrences  in  the 
natural  order  of  events. 

Punning  slightly  to  the  south  of  west,  there  is  a  ridge  of  high 
ground,  taking  its  rise  nearly  at  Buchanness,  and  stretching 
across  the  country  for  eight  or  ten  miles  ;  at  its  eastern  extremity 
it  branches.  One  of  the  forks  terminates  south  of  Buchanness, 
in  the  mass  of  granite  known  as  Stirling  Hill.  The  other  runs 
north  of  Buchanness  and  may  be  said  to  terminate  in  the 
granitic  escarpment  of  the  Black  Hills.  All  along  the  shore 
between  these  points,  wherever  the  rocks  admit  of  a  beach, 
quantities  of  water-worn  flints  are  found  mingled  with  the  other 
pebbles,  evidently  brought  there  by  the  waves.  They  are  also 
found,  though  sparingly,  on  the  southern  ridge  of  Stirling  Hill, 
But  on  the  Black  Hill  and  neighbouring  hill  of  Invernettie  the 
surface  is  almost  covered  with  them.  This  ridge,  at  the  distance 
of  about  7i  miles  from  the  sea,  at  Salthousehead,  attains  an 
inland  distance  of  about  5  miles  from  the  coast  opposite  Slains. 
The  flints  are  met  with  on  the  surface  at  various  points  along 
that  line.     The  ridge  is  bare  and  moorish,  but  covered  with 
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peat  and  heather,  and  this  prevents  the  flints  being  accurately 
traced.  At  this  point,  however,  7J  miles,  along  the  ridge  and  5 
miles  from  the  sea,  tliey  have  been  laid  bare. 

They  occur  at  the  extreme  verge  of  the  parish  of  Old  Deer, 
and  are  principally  seen  at  the  farm  of  Bogingarrie,  on  the  lands 
of  Ivimuuudy.  The  ridge  of  hill  here  trends  to  the  north,  coming 
round  again  towards  the  west,  so  as  to  expose  to  the  south  a  deep 
bay  with  a  considerable  slope  to  the  south.  The  hill  is  covered 
with  moss  and  heather,  and  is  partly  planted.  The  south  face 
of  the  hill  has  been  under  cultivation  for  more  than  forty  or  fifty 
years.  The  flints  are  seen  on  the  surface,  commencing  pretty 
far  up  on  the  east  side  of  the  hollow,  and  following  at  the  same 
height  the  crescent  form  of  the  bay,  disappearing  among  the 
heather,  which  has  not  yet  been  removed  on  the  extreme  west. 
They  are  in  great  abundance,  covering  a  space  of  from  12  to  20 
yards  in  breadth. 

In  1830,  in  cutting  a  ditch  to  carry  off  the  surface  water  from 
the  garden  of  the  farm-house  of  Bogeugarrie,  the  bed  of  flints 
was  come  upon  and  found  to  be  of  considerable  thickness.  The 
ditch  ran  from  S.W.  to  N.E.,  traversing  the  flint-bed,  and  a  short 
cross  ditch  lay  in  the  line  of  the  bed. 

When  I  saw  the  ditch  first,  it  had  been  open  a  good  many 
years,  and  had  become  partly  filled  up.  It  had,  however,  a 
singular  appearance.  It  was  crossed  by  the  road  to  the  house, 
and  the  water  run  of  the  bridge  was  choked  with  rounded  Hints 
of  all  sizes.  Above  the  bridge  the  bottom  of  the  ditch  was  quite 
covered  with  rounded  flints,  brought  down  by  torrents.  As  you 
ascended  the  bum  you  could  see  the  nature  of  the  ground.  The 
layer  of  soil  was  extremely  thin,  and  below  it  the  ditch  was  cut 
through  a  stiff,  yellow  clay  ;  scarcely  a  pure  clay,  more  like  a 
yellow  clayey  gravel,  and  so  hard  as  to  be  pierced  with  dilliculty. 
Until  you  reach  the  bed  itself,  very  few  flints  are  to  be  seen  in 
the  clay.  The  top  end  of  the  ditch  and  the  cross  one  are  in  the 
bed.  The  flints  lie  closely  packed  together,  embedded  in  the 
already  mentioned  clayey  matrix. 

Many  of  them  weather  when  exposed  to  the  air,  becoming 
white.  Some  are  bright  red,  and  in  some  cases  they  shiver  into 
flakes.  When  newly  taken  out  of  the  bed  they  usually  break 
with  a  clear  fracture,  but  they  soon  become  hard  and  lose  their 
facile  cleavage.  Almost  every  one  contains  some  trace  of  organic 
remains.  I  have  examined  a  great  many,  and  rarely  missed 
seeing  some  indication  of  such,  although  it  is  more  rare  to 
And  the  fossils  sutflciently  perfect  to  make  them  worth  preserv- 
ing. 

In  the  localities  near  Peterhead  there  have  been  found  "  con- 
siderable variety  of  the  Echini  family,  occasi(>nally  eniire,  but 
more  frequently  only  small  portions  of  the  impressions  ot  these 
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shells  are  found.     Single  spines  frequently  occur  and  are  well 
marked.     The  Innoceramus,  Pecten,  and  Terebratula  abound." 

Flints  are  also  found  on  the  surface  of  the  liill  of  Skelmuir, 
adjoining  Bogengarrie.  The  hill  is  separated  from  the  hill  of 
Kinmundy  by  a  valley  and  a  deep  morass,  called  the  Bog  of 
Ardallie.  South-westward  they  are  found  in  great  abundance  on 
the  Hill  of  Dudwick,  in  the  parish  of  Ellon.  This  seems  to  be 
their  southmost  limits.  I  learn  from  a  paper  of  Mr  Christie  of 
Banff,  published  in  the  "  Edinburgh  Philosophical  ^lagazine  "  for 
1831,  that  they  occur  at  Boyndie  bay  in  that  shire,  and  also  in 
a  mass  of  "  diluvium"  covering  the  high  grounds  between  Turriff 
and  Delgaty  Castle.  The  flints  at  Boyndie  bay  are  found  strewed 
along  the  shore  and  contain  traces  of  zoophytic  organic  remains. 
Those  at  Delgaty  are  likewise  characterised  by  the  remains  of 
sponges,  &c.  The  station  at  the  latter  place  is  ten  miles  from 
the  sea,  and  is  the  highest  ground  in  the  neighbourhood.  The 
flints  are  found,  as  already  mentioned,  in  a  mass  of  clay  cresting 
the  hills ;  none  are  found  in  the  hollows. 

I  am  indebted  to  INIr  J.  W.  Salter  for  a  list  of  upwards 
of  twenty  species,  which  he  named  from  the  specimens  I  have 
collected  at  various  times.  The  best  specimens  are  deposited  in 
the  Jermyn  Street  Museum.  He  has  described  and  figured  three 
as  new  species. 

The  other  rocks  in  the  immediate  neighbourhood  of  the 
Bogengarrie  flints  are  granite,  trap  and  limestone.  We  have 
northward,  white  granite  at  Smallburn,  and  red  at  Newton  and 
Greenmyre.  The  rising  ground  on  which  the  house  of  Kinmundy 
stands  is  a  greenstone  trap.  Nothing  but  this  was  met  with  in 
digging  the  foundations  of  the  house.  It  was  also  met  with, 
along  with  a  loose  gravel  below  it,  in  sinking  tbe  well  close  by 
to  the  depth  of  46  feet.  On  further  deepening  the  well,  30  feet 
of  solid  rock  were  gone  through.  It  comes  to  the  surface  in  the 
wood  behind  the  house,  and  is  quarried  for  d3^kes  and  drains.  In 
the  hollow  behind,  again,  at  Cassieford,  we  have  a  deep  deposit 
of  peat ;  on  the  south  side  of  the  hill  at  Millhill,  granite  and 
gravel ;  on  the  north  side,  granite  quarried  for  building  purposes. 
Below  Barnyards  there  is  an  escarpment  of  what  seems  to  be 
mica  slate.  West  from  that,  all  over  the  hills  of  Coynach  and 
Knock,  there  are  immense  boulders  of  clinkstone — "  heathens," 
as  they  are  called  there.  These  are  water-worn  and  striated  ; 
some  of  them  are  many  tons  in  weight.  Four  miles  further,  at 
Hythie,  limestone  resting  on  granite.  North-westward  at 
Annochie  we  have  limestone  quarried  for  burning.  It  is  much 
cut  up  by  veins,  dykes,  and  blocks  of  gneiss,  from  which  we  may 
gather  that  it  rests  there  upon  gneiss.  It  is  impure,  containing 
a  good  deal  of  magnesia.  Beautiful  specimens  of  calcareous  spar 
are  met  with  now  and  then  in  drusy  cavities  in  the  rock. 
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The  country  presents  numerous  simple  minerals.  Many 
varieties  of  quartz,  such  as  milk,  rose,  violet,  ferruginous, 
spongiform,  &c.,  and  sometimes  very  large  specimens  of  rock 
crystal  are  picked  up  in  the  fields.  Jaspers  are  common.  Veins 
of  antimony  are  found  in  the  granite,  and  several  varieties  of  the 
ores  of  iron.  Manganese  in  the  dendritic  form  is  seen  sometimes 
in  the  limestone.  Crystals  of  schorl,  sometimes  of  large  size,  I 
have  often  procured  from  huge  fragments  of  white  quartz.  In 
one  place  there  is  a  quarry  of  these  quartz  blocks,  some  of  them 
of  great  size.  They  are  not  water-worn.  I  once  picked  up  a 
piece  of  granite  studded  with  numerous  small  crystals  of  beryl. 

In  the  peat  are  found  trunks  of  trees,  principally  oak,  and 
large  quantities  of  branches  of  birch  and  hazel,  with  nuts  of  the 
latter.  ISTot  a  hazel  bush  has  been  seen  in  the  district  for 
upwards  of  a  hundred  years,  yet  in  some  places,  by  simply 
turning  over  the  turf,  hundreds  and  thousands  of  hazel  nuts  may 
be  laid  bare.  The  antlers  of  stags  have  also  been  dug  up  in  the 
district,  but  not  recently. 

I  must  now  call  your  attention  to  another  geological  feature  of 
very  peculiar  interest.  I  find  it  stated  in  my  college  notes  (made 
in  18;^ 9-40)  that  the  greensand  was  said  to  exist  in  Cruden,  a 
fact  which  I  believe  was  communicated  by  the  late  Dr  Knight  of 
Marischal  College,  Aberdeen,  to  the  late  Dr  Thomas  Thomson  of 
Glasgow  College,  previously  to  the  date  I  have  mentioned. 
Fragments,  at  least,  of  a  greensand  formation  do  exist  in  these 
northern  granitic  countries. 

I  have  formerly  described  this  deposit  as  running  through  two 
parishes,  Slains  and  Cruden  ;  and  I  have  stated  that  it  differs 
in  its  lithological  character  in  different  places.  It  is  possible 
that  the  deposit  in  Slains  belongs  to  a  formation  equivalent  to 
what  is  known  as  the  "  English  Crag." 

I  have  no  specimens  here  brought  from  the  crag  locality.  It  lies 
six  to  eight  miles  from  the  greensand  locality,  to  the  south  about 
two  miles  inland  from  Collieston.  The  deposit  takes  the  form 
of  a  ridge  of  low  hills  surrounding  three  sides  of  a  loch.  This 
loch  has  been  ascertained  to  be  in  one  place  52  feet  in  depth, 
and  the  hills  rise  around  it  to  the  height  of  from  40  to  50  feet. 
They  are  composed  of  gravel,  mingled  with  comminuted  shells, 
and  amongst  their  gravel  are  water-worn  nodules  of  limestone, 
mica  slate,  and  gneiss.  The  limestone  nodules  contain  organic 
rem.ains.  Our  gardener,  who  collected  specimens  for  me,  says  he 
broke  the  most  he  saw,  i)ut  only  found  the  remains  in  one.  The 
sand  and  gravel  amongst  which  these  nodules  occur  are  full  of 
the  debris  of  marine  shells  ;  and  Mr  Jamieson  has  printed  a  list 
of  such,  at  page  372  of  the  Geological  Society's  journal  for  1860. 
The  nodules  are  much  water-worn,  and  the  loose  fragments  of 
shells   are  very  much  abraded.     Mr   Searles  Wood,  the  great 
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the  error  such  a  conclusion  would  lead  to,  the  flints  and  chalk 
fossils  of  Banff  and  Aberdeen  lying  immediately  over  it  in 
these  countries,  and  adds,  "  It  is  probable  that  the  denuded 
members  of  the  cretaceous  group  once  rested  upon  it  there." 

Dr  Jameson,  too,  in  the  "  Edinburgh  Philosophical  Journal " 
for  1831,  states  the  same  opinion,  adding  that  it  will  probably 
be  found  in  some  of  the  hollows  of  this  part  of  Scotland. 

This  is  one  theory  ;  that  the  lower  beds,  and  the  chalk  of  this 
very  bed  itself,  have  been  removed  by  denudation,  leaving  the 
flints  resting  upon  the  granite. 

Opposed  to  this  theory  is  the  fact  that  the  flints  are  invariably 
water  worn.  True,  even  according  to  it,  they  would  have  pre- 
sented some  such  appearance,  but  hardly  to  the  same  extent ; 
and  it  seems  as  if  a  denuding  agency,  sufficiently  powerful  to 
produce  the  rolled  effect  noted,  would  have  removed  them,  as 
well  as  the  other  beds  and  their  chalk  matrix,  especially  as  they 
occur  not  so  much  in  hollows  as  on  the  sides  and  summits  of 
hills. 

Mr  Nicol  states  his  opinion  thus  :  "  Probably  these  recent 
secondary  formations  once  existed  here,  or  may  still  lie  covered 
by  the  sea,  and  connected  with  the  similar  beds  on  the  Moray 
Firth.  This  opinion  is  confirmed  by  the  occurrence  of  lias 
containing  coal  at  Hogenses,  in  the  south  of  Sweden,  where  it 
rests  on  gneiss,  and  is  covered  with  chalk." 

This  leads  on  to  another  theory,  which  has  been  suggested  to 
account  for  these  flints, — namely,  that  however  such  secondary 
beds  may  have  once  existed  here,  these  individual  water-worn 
flints  owe  their  origin  to  a  transporting  agency,  which  has 
brought  them  from  the  chalk  formations  of  the  northern 
continent. 

The  volcanic  and  tidal  agencies  operate  in  a  direction  between 
south-west  and  north-east.  All  the  mountain  ranges  and 
great  formations  of  our  island  assume  in  the  general  that  direc- 
tion. The  great  mountain  range  of  Norway  assumes  the  same. 
I  am  not  sufficiently  acquainted  with  Norwegian  geology  to 
connect  it  skilfully  with  Scottish.  At  Christiania  there  is  a  group 
belonging  partly  to  the  Lower  and  partly  to  the  Upper  Silurian 
rocks.  True  chalk  with  flints  has  been  clearly  determined  in 
some  parts  of  Denmark.  This  Danish  group  may  have  been 
continued  into  Norway  at  one  period,  and  afterwards  removed 
by  denudation,  the  same  agency  transporting  the  flint  nodules  to 
our  own  shores. 

It  may  bear  against  such  a  supposition  of  transportation  that 
the  direction  of  the  currents  seems  usually  to  have  heenfroyn 
south-west  to  north-east,  and  that  for  this  theory  it  requires 
to  have  been  reversed.  It  may  be  suggested,  might  not  the 
elevation  of  the  great  northern  mountain  ranges  of  the  continent 
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have  been  sufficient  to  cause  a  tidal  wave  or  current  from  its 
shores  to  those  of  ours  capable  of  exercising  the  transporting 
power  required  ?  The  presumption  is,  however,  against  such  a 
supposition. 

Standing  on  the  ridge  of  the  hill  of  Kinmundy  and  looking 
towards  the  south  and  east,  there  is  spread  out  before  the  eye 
a  wide  expanse.  Slightly  to  the  north  of  eastward,  the  ridge  is 
nearly  continuous  to  the  sea  at  Buchanness.  Westward  it  un- 
dulates, reaching  northwards,  and  again  stretching  out  a  promon- 
tory to  the  south.  Beyond  this  there  is  a  gorge  narrow  and  deep  ; 
and  again  the  hill  rises,  stretching  away  v,'estward  and  northward, 
and  running  out  in  a  series  of  high  grounds  by  Dudwick  towards 
Turriff  and  Delgaty,  and  so  onwards  to  the  sea  at  Boyndie. 
Between  this  ridge  and  the  sea,  on  the  east  and  south-east, 
there  stretches  out  from  the  sort  of  bay  described  a  breadth 
of  five  or  SIX  miles  of  levelish  country,  presenting  some  in- 
qualities  of  the  surface  and  rising  grounds,  but  in  the  main 
levelish  until  it  reaches  the  sea,  with  a  coast  line  elevated  180 
to  200  feet  above  the  sea-level.  It  is  over  this  valley  that  the 
calcareous  sands  (Crag)  occur.  It  is  near  its  centre,  but  more 
north-eastward,  that  the  greeusand  lies ;  and  standing,  as  I  have 
said,  over  the  hill  ridge,  and  marking,  as  at  one  time  at  least  one 
could  hardly  fail  to  mark,  the  band  of  flint  boulders  that  line  their 
highest,  and  at  an  equal  elevation,  the  various  bays  and  promon- 
tories, it  requires  no  great  stretch  of  imagination  to  conceive  the 
waves  of  the  German  Ocean  as  having  once  rolled  even  hither, 
bearing  with  them  and  depositing  on  their  innermost  bounds  the 
rounded  flints  that  mark  their  ancient  shore. 

But,  it  may  be  argued,  the  greensand  beds  lay  right  in  the 
way,  and  must  have  suffered  also  from  the  denuding  power  of 
the  waves.  If  future  examination  shows  that  these  beds  are  in 
situ,  we  must  yet  look  for  another  theory. 

I  have  already  stated  that  the  shores  of  the  little  bays  near 
Peterhead  present  large  quantities  of  the  rounded  flints.  These 
may  have  been  either  brought  down  by  streams,  or  cast  up  from 
the  sea.  I  have  also  inferred,  from  the  condition  of  my  speci- 
mens of  organic  remains  from  the  Cruden  greensand,  that  the 
formation  is  either  in  situ,  or  at  least  not  far  removed  from  its 
original  position — not  presenting  any  evidence  of  being  water- 
rolled,  and  not  capable  of  undergoing  without  destruction  that 
process. 

I  wish  to  connect  these  two  facts  with  an  idea,  hinted  at  by 
Mcol,  as  already  quoted,  and  additional  grounds  for  which  were 
pointed  out  to  me  by  my  friend  the  late  lamented  IJugh  Miller. 
Across  the  southern  districts  of  England  we  have  a  certain 
sequence  of  geological  formations,  including  in  regular  succes- 
sion, the  Lias,  Oolite,  Wealden,  succeeded  by  the  Cretaceous 
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group.  Across  that  portion  of  Scotland,  immediately  to  the 
north  of  the  district  at  present  under  consideration,  we  have 
part  of  the  same  sequence,  commencing  with  the  Lias.  This 
formation  at  Cromarty  is  considerably  to  the  v-cst  of  the  first 
appearance  of  the  same  formation  in  England  ;  Ijut  this  results 
naturally  from  what  was  before  mentioned  of  the  geological  for- 
mations running  not  east  and  west,  but  north-east  and  north- 
west, not  right,  but  diagonally  across  the  country.  We  have, 
then,  I;ias  at  Cromarty,  and  a  lower  Oolite  near  Elgin.  May  it 
not  be  possible  that  all  we  want  to  complete  the  remaining 
members  of  the  series  is  simply  to  be  able  to  carry  out  our 
section  into  the  Moray  Eirth  ? 

Such  a  hypothesis  receives  confirmation  from  the  fact  that  in 
the  neighbourhood  of  Elgin  are  beds  containing  Wealden  fossils, 
which  Nicol  says  w^e  are  led  to  suspect  are  not  original  forma- 
tions, but  fragments  of  more  extended  beds,  perhaps  drifted  to 
this  place.  The  drifted  clay  containing  Lias  fossils  at  Blackpots 
may  also  indicate  a  formation  beneath  the  waters  of  the  bay.  By 
referring  to  the  Geological  Map  of  England,  it  will  be  seen  that 
the  greensand  accompanies  the  chalk  on  the  west,  and  on  the 
east  the  Lias,  &c.,  to  the  shore  of  the  channel.  Our  patch  of  it 
at  Cruden  might  form  part  of  the  termination  of  a  similar  strip, 
unless  it  too  may  be  accounted  for  in  the  same  way  as  the 
Moray  Wealdens,  by  supposing  it  a  drifted  fragment  from  the 
north. 

May  we  then  fairly  infer  that  at  one  period  the  space  now 
occupied  by  the  Moray  Eirth  contained  a  perfect  sequence  of 
the  secondary  formations  ; — that  first  the  soft  chalk  strata 
suffered  denudation  liy  the  ordinary  action  of  north-easterly 
gales,  and  that  the  roll  of  the  German  Ocean,  piled  up  its  water- 
worn  flint  boulders  along  its  successive  ancient  shores  ;  and 
that  the  Wealdens  and  Oolite  of  Elgin  and  the  Lias  of  Blackpots 
followed  in  the  same  course  ? 

That  part  of  this  theory  applicable  to  the  Lias  of  Blackpots 
Mr  Miller  states  thus : — "  There  had  probably  existed  to  the 
west  or  north-west  of  the  deposit,  perhaps  in  the  midst  of  the 
open  bay,  formed  by  the  promontory  on  which  it  rests  (for  the 
small  proportion  of  other  than  Liassic  materials,  wdiich  it  contains 
seems  to  show  that  it  could  be  derived  from  no  great  distance), 
an  out-lier  of  the  lower  Lias.  The  iceberg  of  the  cold  Glacial 
period,  propelled  along  the  submerged  land  by  some  Arctic 
current,  or  caught  up  l)y  the  Gulf-stream,  gradually  grated  it 
down,  as  a  mason's  labourer  grates  down  the  surface  of  the  sand- 
stone slab  he  is  engaged  in  polishing;  and  the  comminuted 
dclris,  borne  eastward  by  the  current,  was  cast  down  here." 

At  Blackpots  the  Lias  fossils  occur  in  clay  containing  few 
other   boulders.     At    Boyndie,  further  west,  flint  boulders  are 
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pitched  up  on  the  shore.  And  at  Delgaty,  ten  miles  inland,  they 
occur  in  great  abundance,  along  with  boulders  of  quartz  rock, 
but  no  fossils  except  their  own.  It  would  therefore  appear  that 
we  owe  the  flint  boulders  and  Lias  boulders  to  different  periods. 
And  as  the  chalk  overlies  the  Lias,  it  may  be  that  its  denudation 
was  completed,  and  its  fossils  thrown  up  on  the  high  grounds  of 
the  interior  previous  to  the  formation  of  the  boulder  clay  con- 
taining the  fossils  of  the  Lias.  Although  not  in  this  locality,  as 
far  as  we  know,  yet  in  other  places  (as  on  the  banks  of  the 
Thurso  in  Caithness)  the  boulder-clay  has  been  found  to  contain 
"  fragments  of  chalk  flints,  and  also  a  characteristic  conglomerate 
of  the  Oolite,  as  well  as  comminuted  fragments  of  existing  shells." 
These  facts  seem  also  to  favour  the  hypothesis  just  stated. 

Since  I  wrote  first  on  this  subject  more  attention  has  been  paid 
to  the  pleistocene  deposits  in  the  locality  with  which  we  have 
been  dealing.  I  am  not  aware  that  any  new  facts  have  been 
elicited  regarding  the  topics  I  have  made  our  subject  to-night, 
and  I  feel  that  the  question  altogether  is  one  involved  in  con- 
siderable darkness,  and  that  it  is  vain  to  attempt  any  generalisa- 
tion upon  it  till  the  local  geology  has  been  far  more  accurately 
examined  and  determined.  To  this  end  the  yearly  labours  of 
Mr  Thomas  F.  Jamieson  of  Ellon  are  devoted,  and  each  season 
adds  more  or  less  to  our  knowledge  of  the  country.  What  a 
curious  jumble  we  have  in  that  out-of-the-way  corner  of  the 
world !  Eock-bound  coasts  of  frowning  granite,  slates  and  por- 
phyries, slips  of  Old  Eed  Sandstone,  patches  of  greensand  and  red 
crag,  Wealden  and  Lias  and  chalk  fossils,  and  all,  as  we  say  down 
there,  pretty  much  "  cardid  thro'  ither,"  that  is,  mixed  up  pro- 
miscuously. Ere  the  Gordian  knot  be  untied,  much  of  interest 
to  the  geologist,  both  scientific  and  economic,  cannot  fail  to  come 
to  light,  and  the  labour  which  must  be  expended  on  the  examin- 
ation will  assuredly  not  be  thrown  away. 
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loth  March  1877. 

J).  Milne  Home,  Esq.,  LL.D.,  President,  in  the  Chair. 

The  following  Communications  were  read: — 

On  RoUed  Pebbles  from  the  Beach  at  Dunbar.     By  Dr  W.  T.  Black. 

Several  banks  of  corroded  pebbles  and  stones  were  thrown  up 
on  the  beaches  on  the  east  side  of  Dunbar,  facing  the  Links,  by 
the  late  winter  gales,  brought  there  probably  from  more  distant 
localities  to  the  east,  and  from  the  greater  depths  of  the  sea 
reached  by  the  waves.  These  illustrate  the  beginnings  of  the 
formation  of  larger  pebble  banks  as  those  of  Chesil,  and  Northam 
Burrows,  by  the  occurrence  of  an  obstruction  to  the  surge  of  the 
wave  by  the  perpendicular  face  of  the  bank  of  turf  of  the  Links, 
causing  a  bed  of  pebbles  to  be  deposited  at  the  base  in  front, 
and  again  on  its  summit  behind.  The  pebbles  seem  as  if  their 
rounded  ovoid  shape  were  due  to  like  actions  as  produce  the 
ovoid  shape  of  a  cake  of  soap  after  much  use,  viz.,  a  sliding 
motion  in  the  palm  of  the  hand,  and  with  an  occasional  rolling 
of  the  mass  round.  Similarly  these  pebbles  are  first  rolled  up 
the  slope  of  the  bank  by  the  impact  of  the  surge  towards  the  crest, 
whence  again  they  descend  by  sliding  within  amongst  themselves, 
influenced  cliieHy  by  the  action  of  gravity,  and  lubricated  by  the 
return  wash.  The  ovoid  shape  seems  to  be  taken  by  all  sorts  of 
stones,  from  the  soft  sandstone  to  the  hard  quartzite,  and  may 
therefore  be  independent  of  mineral  composition,  or  relative  hard- 
ness of  the  stone.  The  sagitta  of  the  chords  of  the  rounded 
surfaces  may  be  assumed  to  be  inversely  proportionate  to  the 
amount  of  friction  employed  in  shaping  them  respectively,  i.e. 
when  the  sagitta  is  short  greater  friction  would  have  been 
exerted  than  on  that  face  where  the  sagitta  is  longer.  Sandy  layers 
are  to  be  seen  at  the  bottom  and  base  of  these  newly  formed 
pebble  banks,  as  well  as  on  the  old  ones  at  Chesil,  and  Northam, 
and  may  be  taken  to  represent  the  debris  of  the  friction  of  the 
stones  amongst  each  other  in  the  mass  above.  The  larger  stones 
are  to  be  found  on  the  top  and  off  sides  of  the  bank,  and  the 
smaller  ones  on  the  front  slope  and  nearer  the  base  on  the  sandy 
layer.  This  distribution  may  be  supposed  to  be  due  to  the  dif- 
ference of  force  exercised  by  the  fresh  impact  of  the  surf  going 
upwards,  and  its  exhausted  power  when  the  water  travels  back, 
under  the  influence  of  gravity  alone,  when  again  the  larger  stones 
are  left  behind,  and  the  smaller  ones  and  sand  are  carried  down 
the  slope.  The  surf  wave  on  the  above  idea  is  supposed  to  strike 
the  bank  perpendicularly  in  front,  but  should  it  move  against 
it  obliquely,  either  on  one  side  or  other  of  the  perpendicular,  then 
the  pelibles  will  be  driven  obliquely  up  the  bank  towards  the 
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crest,  but  they  will  probably  slide  down  again  so  far  only,  per- 
pendicularly, by  action  of  gravity  to  a  different  spot.  The 
difference  of  longitude  of  this  spot  from  the  place  the  pebble 
originally  started,  may  be  assumed  to  represent  the  distance  of  its 
migration  along  the  bank,  and  the  difference  of  latitude  of  this 
spot  from  the  one  below  may  be  taken  to  represent  the  distance 
the  pebble  travelled  upwards.  As  regards  the  action  of  the  surf 
on  the  shore,  it  may  be  observed  that  sea  waves  in  general  may 
be  considered  to  be  direct  up  and  down  oscillations  of  the  super- 
ficial layer  of  water  6-9  feet  deep,  reciprocating  with  each  other, 
as  the  beam  of  a  balance,  so  the  last  wave  nearest  the  shore  will 
plunge  its  whole  weight  downwards  on  the  beach.  It  may  be 
observed  that  pebble  beaches  are  wavy  or  terraced  on  their  fi'ont 
slopes,  whereas  sandy  beaches  are  smooth  or  of  uniform  slope,  so 
that  it  may  be  supposed  that  the  plunge  of  the  surf  digs  out  a 
hollow  trench  of  pebbles  each  time,  and  launches  the  debris  up  the 
slope  with  its  forward  surge,  and  leaves  it  there.  A  different 
effect  would  take  place  with  the  sand,  for  on  it  the  downward 
plunge  of  the  surf  would  have  but  little  effect  in  dislocating  it ; 
but  the  return  wash,  on  the  other  hand,  would  bring  it  down  with 
it  to  the  sea.  Hence  sand-hills  become  levelled  downwards  by 
the  action  of  the  sea  waves,  but  pebble  banks,  on  the  other  hand, 
are  elevated  by  the  same  means.  These  rolled  pebbles  may  pro- 
visionally be  selected,into  three  types, — (a)oblong  ellipsoids,  vary- 
ing from  oblong  spheroids  at  an  early  stage,  and  due  to  the  rolling 
action  chiefly  ;  (b)  Hat  ellipsoids,  varying  from  flat  spheroids,  and 
due  to  sliding  action  chiefly ;  and  (c)  oval  ellipsoids,  combining 
the  two  former  shapes,  and  due  to  more  prolonged  attrition  of 
both  rolling  and  sliding.  Measurements  of  stones — (1.)  An  oblong 
ellipsoid  of  sandstone  was  found  to  have  its  long  diameter  436  in., 
middle,  2-88  in.,  and  short  277  in.,  contents  15-  cub.  in.,  surface 
32*10  sq.  in.  (2.)  A  flat  ellipsoid  of  sandstone  was  found  to 
have  its  long  dia.  3'dO  in.,  middle,  3-00  in.,  and  short  118  in., 
and  contents  6116  cub.  in.,  surface  2253 sq.  in.  (3.)  An  oval 
ellipsoid  of  trap  was  found  to  have  its  long  dia.  3  5 5  in.,  middle 
2-57  in.,  and  short  1-55  in.,  and  contents  7'413  cub.  in.,  surface 
2210.  sq.  in.  (4.)  An  oblong  ellipsoid  of  sandstone  had  its  long 
dia.  3 '46  ia.,  middle  dia.  2'28  in.,  short  dia.  1.77  in.,  and  contents 
7"31  cub.  in.,  and  surface  1955  sq.  in.  Therefore  the  oblong  ellip- 
soids contain  relatively  the  more  contents  in  proportion  to  their  sur- 
face, and  the  flat  ellipsoids  the  less  contents  than  the  other  forms. 
The  tendency  to  these  two  forms  may  probably  be  owing  to 
the  original  masses  having  been  of  a  prismatic  or  tabular  shape. 
The  oval  ellipsoid  would  seem  to  be  the  form  resulting  from  the 
longest  continued  attrition,  as  it  was  also  assumed  by  harder 
stones  of  porphyry  and  quartzite.  This  also  may  be  inferred  from 
the  greater  likelihood  that  these  stones  were  of  some  amorphous 
shape  at  flrst  than  those  of  sandstones  or  other  stratified  rocks. 
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On  the  Nature  arid  Origin  of  the  Surface  or  Vegetable  Soil,  and 
its  Influence  on  Geological  Phenomena.  By  James  Melvin,  Bon- 
nington,  Vice-President ;  President  of  the  Scottish  Chamber  of 
Agriculture. 

In  the  year  1G83,  a  Dr  Lister  asked  the  Eoyal  Society 
of  England  to  prepare  a  map  of  the  soils  of  England,  for 
the  reason  that  if  it  were  noted  how  far  these  extended, 
and  if  the  limits  of  each  soil  appeared  on  a  map,  some- 
thing more  might  be  comprehended  than  he  could  possibly  fore- 
see, which  would  make  the  laliour  well  worth  the  pains,  "  for  I 
am  of  opinion,"  said  he,  "  such  upper  soil,  if  natural,  infallibly 
produces  such  under  minerals,  and  for  the  most  part  in  order." 

Geology  as  a  science  did  not  then  exist,  and  strange  ideas  and 
theories  prevailed  among  the  most  enlightened.  Instead,  however, 
of  the  views  of  Dr  Lister  being  now  entertained  as  to  the  upper 
soil  producing  the  underlying  minerals,  geologists  hold  to  the 
opinion  that  the  upper  soil  has  been  derived  from  the  under 
minerals.  As  yet  no  map  has  been  formed  of  the  upper  soils,  but 
the  under  minerals  have  been  carefully  and  minutely  studied 
and  mapped.  I  believe  that  in  the  Geological  Survey  as  now 
carried  on,  more  attention  is  being  devoted  to  the  surface  cover- 
ing of  the  strata.  However,  the  scientific  description  of  the  soil 
and  subsoils  of  this  country  has  yet  to  be  worked  out.  This 
neglect  of  the  upper  soil  and  subsoil  seems  strange,  as  no 
portion  of  the  earth  is  of  more  importance,  and  there  is  none  on 
which  the  welfare  of  the  human  race  is  more  dependent.  Several 
of  the  great  scientific  travellers,  as  Humboldt,  Elie  de  Beaumont, 
Darwin,  and  Boussingault,  have  devoted  some  attention  to  the  sur- 
face soils ;  none  of  them,  however,  have  exhaustively  entered  on 
their  study,  and  widely  different  views  are  held  as  to  their  nature. 
So  little  has  the  nature  of  the  soils  of  the  great  continents  of  the 
world  interested  the  scientific  men  of  this  country,  that,  now  that 
the  "  Challenger  "  expedition  has  returned,  I  should  not  wonder  if 
we  possessed  more  specimens  of  the  bottom  of  the  great  oceans 
than  we  do  of  the  surface  of  the  continents.  Our  museums  are 
stored  with  rocks,  minerals,  and  fossils  from  all  the  strata,  and 
with  vegetable  productions,  birds,  animals,  and  insects  from  all  the 
regions  of  the  world.  If,  however,  you  wish  to  see  the  soils  out 
of  which  those  vegetable  productions  have  sprung,  or  on  which 
these  insects  and  animals  have  lived,  you  cannot  find  them. 
We  often  hear  lofty  talk  of  our  native  soil ;  the  nasty  stuff,  how- 
ever, has  no  place  in  our  collections  ;  and  while  much  space  in 
our  Edinburgh  Industrial  Museum  is  occupied  with  lots  of 
implements,  machines,  and  other  rubbish  not  old  enough  to  be  of 
interest  to  the  antiquary,  but  utterly  useless  as  models  of 
machines  or  tools  in  present  use,  there  is  no  representative  of 
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the  soils  and  subsoils  of  this  country,  not  to  speak  of  those  of 
the  colonies.  It  is  certainly  very  strange  that  while  the  rock 
formations  have  been  so  closely  and  minutely  studied,  and  every 
thing  which  resembles  the  remains  of  life  in  them  carefully  and 
keenly  looked  at,  it  is  impossible  to  lay  hands  on  any  exhaus- 
tive description  of  any  piece  of  surface  soil,  and  of  the  subsoil 
whereon  it  rests,  when  that  is  not  the  natural  rock.  Numerous 
chemical  analyses  exist  of  the  soils  and  subsoils.  What  is 
wanted  in  addition  is,  a  minute  and  careful  description  of  the 
soils  and  subsoils,  and  the  materials  of  which  they  are  composed, 
distinguishing  the  different  sources  of  the  various  mineral  con- 
stituents, and  the  rocks  from  which  they  have  been  derived  ;  also 
the  nature  of  the  vegetable  and  animal  remains.  Of  course  the 
microscope  would  require  to  be  had  recourse  to.  Had,  for 
instance,  the  officers  of  the  Geological  Survey,  in  making  their 
examinations  of  this  country,  taken  samples  of  the  soils  and 
subsoUs  which  are  characteristic  of  the  various  districts,  and  sent 
them  to  head  quarters  for  description,  as  stated  above,  the 
information  which  would  have  thus  been  obtained  would  have 
gone  far  to  show  where  many  of  the  constituents  of  the  soils  and 
subsoils  had  come  from,  and  some  progress  would  have  been 
made  in  correctly  accounting  for  the  origin  of  the  boulder  clays, 
drift,  and  native  soils. 

Though  in  this  country  little  is  done  in  that  way,  in  France  and 
Germany  the  study  of  the  soil  is  being  scientifically  attended  to. 
In  France,  at  the  Normal  School  of  Agriculture  and  Mines,  the 
Professor  of  Geology,  M.  Achiile  Delesse,  has  collected  from  the 
Professor  districts  upwards  of  six  thousand  samples  of  the  soils. 
Each  of  these  has  been  taken  from  under  the  surface  at  a  certain 
known  place  and  depth.  The  schedule  which  accompanies  the 
sample  shows  where  it  has  been  taken  from.  These  have  been 
supplied  to  the  Minister  of  Education  by  the  primary  teachers 
from  all  parts  of  the  country.  Such  a  collection  when  carefully 
studied,  the  material  constituents  of  each  described,  the  decay- 
ing animal  and  vegetable  matter  ascertained,  the  meteorological 
conditions  noted,  an  array  of  facts  may  be  accumulated  which 
will  be  of  the  greatest  service  to  geological  science,  as  well  as 
to  the  practice  of  agriculture.  These  six  thousand  samples  and 
upwards  have  been  taken  from  the  surface  soil  only.  Half 
the  value  of  the  collection  is  thus  lost ;  had  an  equal  portion  of 
the  subsoil  accompanied  them,  whether  of  drift,  alluvium,  or 
rock,  the  value  united  would  have  been  greatly  enhanced. 

M.  Delesse  has  so  far  formed  a  map  of  the  results  of  his 
labour,  in  which  he  shows  the  nature  of  the  soils,  separating  the 
calcareous  from  non-calcareous,  those  containing  substances  such 
as  the  phosphates  which  exercise  great  influence  on  the  fertility, 
also  the  felspathic,  and  other  minerals  which  afford  potash ;  the 
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peaty  soils  are  also  marked  out.  He  has  indicated  on  another 
map  the  value  of  the  land  for  cultivation,  the  distribution  of 
rain  and  temperature,  the  humidity  of  the  air,  and  the  direction  of 
the  prevailing  winds.  It  is  by  such  minute,  careful  descriptions 
that  the  nature,  origin,  and  influence  of  the  surface  soils  must 
be  ascertained,  and  it  is  for  that  reason  I  wish  to  bring  this 
subject  before  you  to-uight. 

I  shall  then  submit  for  your  consideration  some  remarks:  1. 
On  the  surface  soil,  what  it  is  ;  2.  How  it  has  been  formed  ;  3. 
How  maintained  ;  4.  The  influence  over  the  destructive  forces  of 
the  atmosphere.  1st,  I  mean  by  the  surface  soil  that  thin  upper 
covering  which,  wherever  vegetation  exists,  envelops  everything. 
It  is  known  as  the  vegetable  soil  or  mould ;  it  is  the  mother  earth 
of  the  ancients,  and  the  material  with  which  the  agriculturist 
everywhere  works.  For  my  purpose  to-night  it  is  not  necessary 
to  do  more  than  allude  to  alluvial  deposits  from  running  waters, 
lakes,  or  the  sea,  or  to  the  desert  sands  or  volcanic  ash.  I  restrict 
myself  to  the  consideration  of  the  thin  upper  stratum,  varying  in 
depth  from  three  inches  to  a  foot,  and  always  distinguishable 
from  the  material  on  which  it  rests  by  the  decaying  vegetable 
and  aniiual  matter  it  contains.  Its  colour  is  also  usually  deeper 
than  that  on  which  it  rests,  save  when  iron  enters  largely  into 
the  constitution  of  the  subsoil  It  is  also  more  open,  friable,  and 
porous  than  the  underlying  material ;  water  passes  freely  through 
it  by  the  worm  roads.  The  roots  of  the  plants  which  grow  on 
it  penetrate  it  in  all  directions  ;  their  death  and  decay  afford 
other  water  channels,  and  fresh  roots  fill  up  the  old  tracts.  The 
surface  soil  as  such,  from  the  continual  work  of  insects,  roots, 
heat,  and  cold,  rain  and  drought,  may  be  said  to  be  constantly  in 
motion,  and  a  piece  of  natural  pasture,  untouched  by  the  hand 
of  man,  is  equally  porous  as  if  it  had  been  regularly  turned  up 
and  reversed  by  spade  or  plough.  The  plant  and  insect  life  it  con- 
tains are  the  aerating  agents.  Lay  a  sprinkling  of  lime  on  the  sur- 
face of  a  piece  of  old  turf,  and  it  gradually  descends  through  the  soil 
until  it  reaches  the  top  of  the  subsoil, — that  is,  it  is  slowly  let  down 
through  all  the  soil  in  which  the  insects  live,  and  as  these  do  not 
as  a  rule  penetrate  the  subsoil,  as  there  is  no  food  in  it,  they 
leave  it  there.  Caustic  lime  is  distasteful  to  their  operations, 
and  they  slowly  undermine  the  offensive  substance,  and  aided  by 
the  earth  casts  of  the  worms,  they  gradually  depress  it.  Another 
proof  of  the  constant  action  of  insect  life  in  the  soil  is  proved  by 
the  fact,  which  many  people  must  have  noted,  of  pieces  of  animal 
matter  laid  on  the  surface  soon  disappearing.  For  instance,  I  have 
seen  a  mole-catcher  lay  down  near  the  gate  of  a  field  the  moles  he 
had  caught  in  his  rounds,  and  within  a  couple  of  days  they  had 
been  entirely  drawn  down  out  of  sight  by  the  burying  beetles,  and 
nothing  left  save  a  tuft  of  black  wool.     Many  people  look  on  the 
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surface  soil  as  a  solid  inert  mass.  It  is  not  so,  as  it  is  acted  on  by 
the  rains  and  changes  of  temperature.  In  reality  it  is  subject  to 
constant  change,  and  consists  as  well  of  the  dust  and  ashes  of  the 
vegetables  and  animals  which  have  died  upon  it,  as  of  the 
materials  which  their  life  action  has  worked  up  from  the  sub- 
soil. That  the  vegetable  or  surface  soil  is  the  product  of  life  is 
evident  enough.  If  we  go  to  the  oldest  quarry  working  and  look 
at  the  spoil  banks  there  thrown  out,  we  see  that  though  centuries 
may  have  past  since  it  was  laid  where  it  is,  it  is  still  quarry  debris. 
The  surface  may  have  weathered  somewhat,  lichens  may  have 
grown  on  it.  There  is  no  mould  worth  noting.  Or,  examine  a 
field  from  which  the  surface  soil  has  been  stripped  bare  to  the  sub- 
soil. The  subsoil  still  remains  uncovered,  or  not  protected  by  soil, 
after  a  long  period  of  time.  In  this  country  trees  and  insects  have 
been  the  chief  formers  of  the  soil.  In  other  and  warmer  latitudes, 
such  as  Australia,  insects  have  added  still  more  largely.  The 
family  of  ants,  especially  the  white  variety,  build  hills  which 
are  often  from  three  to  five  feet  high  and  proportionately 
broad,  and  which,  when  deserted,  moulder  down  with  the  rain 
into  soil;  so  also  trees,  when  they  begin  to  decay,  are  taken 
possession  of  by  the  ants,  and  the  dead  wood  cut  out  of  the  centre, 
and  clay  carried  up  twenty,  thirty,  or  more  feet.  After  years,  tree 
and  clay  and  ants  all  tumble  to  the  ground  to  add  to  the  soil. 
The  wind  also  is  a  great  agent  in  either  taking  from  or  adding  to 
the  soil.  In  this  country  its  power  is  not  so  apparent.  If,  how- 
ever, during  a  severe  frost  when  snow  has  fallen,  a  gale  of  wind 
should  get  up,  the  snow  wreaths  very  often  get  coated  with  soil 
if  there  be  ploughed  fields  near.  This  accounts  for  the  frequent 
thickening  of  soil  in  certain  portions  of  fields  ;  so  also  in  dry 
weather,  the  soil  is  often  blown  by  the  wind,  falling  when  its  force 
fails.  Such  changes  only  occur  when  the  surface  is  bare  of 
vegetation.  It  will  be  remembered  that  the  blowing  sands  on  the 
coast  of  France  were  stopped  in  their  progress  by  planting  trees, — 
another  proof  of  the  power  of  vegetation  over  the  atmospheric 
agencies.  By  those  dust  storms  of  which  we  hear  so  much  in 
certain  countries  the  soils  are  both  augmented  and  diminished ; 
vegetation  stays  their  progress.  I  may  here  allude  to  the  forma- 
tion of  peat,  which,  in  a  certain  sense,  is  merely  a  soil,  only  in 
place  of  vegetable  matter  forming  the  smaller  portion  of  its  sub- 
staace,  it  constitutes  the  larger  part  of  it.  You  are  all  aware  that 
peat  forms  not  only  in  hollows,  but  also  covers  many  of  the  hills 
and  mountain  sides  of  this  country.  In  all  cases  it  aftbrds  proof 
that  the  force  of  vegetable  life  is  more  potent  than  the  destroying 
power  of  atmospheric  agents.  It  also  shows  that  insect  life  has 
much  to  do  in  reducing  vegetable  matter,  as  in  general  few  insects 
are  found  in  peat,  and  the  accumulation  of  peat  goes  on  year  by 
year  increasing  until  it  becomes  such  as  we  find  it.     There  are 
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in  this  country  perhaps  no  wide  bogs  such  as  are  found  in  Ireland, 
but  in  the  Lothiaus  westwards  there  are  large  accumulations, 
both  on  the  Pentland  hills  and  in  the  low  country ;  and  so  far  as 
my  observation  goes,  these,  where  not  drained  or  burned,  are  still 
growing,  proving  that  no  changing  climate  has  stopped  their 
growth.  I  may  instance  the  fact  of  a  company  being  formed  for 
their  reclamation  about  sixty  years  ago.  The  means  adopted 
was  draining  by  ditching,  burning  oft'  the  surface,  liming,  and 
shallow  digging.  They  succeeded  in  stopping  the  growth  of  the 
■  peat  so  long  as  they  kept  down  the  water,  but  managed  to  get 
nothing  else  to  grow,  and  the  attempt  failed.  The  last  time  I 
examined  several  of  the  places  where  the  operations  were  carried 
on,  peat  was  most  luxuriant,  the  surface  ditches  being  all  grown 
up. 

On  this  bog,  perhaps  upwards  of  100  acres  in  extent,  it  seemed 
to  me  that  the  fresh  matter  which  supported  the  plants  forming 
the  peat  was  entirely  derived  from  rain  water  and  the  atmo- 
sphere. In  those  places  where  it  was  20  feet  deep  the  under  10 
feet  was  a  dark  solid  moss  in  which  no  fresh  roots  were  seen. 
Of  course  the  decaying  heather  and  other  plants  might  supply  to 
the  newer  surface  growth  certain  of  the  mineral  matter  it 
required ;  all  the  rest  was  from  the  atmosphere,  and  none  from  the 
clay  on  which  the  bog  lay.  The  amount  of  matter  contained  in 
peat  which  has  been  derived  from  rain  and  the  air  forms  an 
interesting  subject  for  inquiry.  In  other  level  tracts,  formerly 
lakes,  large  growths  of  peat  have  taken  place.  When  no  drainage 
or  other  interference  affects  the  water  supply,  these  continue  to 
accumulate.  Some  peat  bogs  I  have  seen  in  West  Lothian  rest 
directly  on  the  boulder  clay  without  any  vegetable  soil  under  the 
peat.  Where  the  trunks  of  trees  abound,  soil  or  mould  appears 
to  have  formed  before  the  bog  began  to  grow.  In  the  case  of  all 
bogs  the  forces  of  vegetable  life  are  stronger  than  the  destructive 
forces  of  the  atmosphere.  This  is  shown  by  the  deep  covering  of 
peat  lying  on  steep  hill  sides.  The  Cairns  and  other  hills  to  the 
west  of  the  Pentland  range  have  a  deep  coat  of  peat  lying  on  a 
slope,  such  that  if  it  were  not  for  the  living  preservative  force  in 
the  peat  the  rains  would  soon  hurry  it  down  to  the  sea.  Professor 
Geikie  and  others  say  that  from  some  change  in  our  clunate  peat 
is  now  wasting  away,  and  is  nowhere  found  to  be  gaining  ground. 
I  have  already  spoken  of  a  place  which  has  not  been  drained  or 
limed  for  a  great  many  years.  There  the  peat  is  as  strong  as  ever. 
The  reason  the  peat  wastes  away  is  the  interposition  of  the  hand 
of  man;  in  its  being  burned  on  the  surface  more  or  less  frequently, 
which  stops  the  growth  of  certain  of  the  plants,  and  causes  others 
to  grow  of  a  different  character ;  and  also  the  formation  of  the 
sheep  or  open  drains,  which  carry  away  rapidly  the  necessary 
water  ou  which  peat  lives.     In  Australia  and  also  New  Zealand 
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where  no  peat  similar  to  that  iu  Scotland  abounds,  the  surface 
has  been  burned  since  the  country  was  first  settled.  The  effect 
of  this  is  to  change  the  description  of  vegetation ;  and  especially 
in  New  Zealand  the  first  improvement  which  the  early  settlers 
made  was  to  burn  off  the  rank  old  tussock.  The  change  of 
vegetation  thus  brought  about  was  most  marked.  So  with  bogs 
and  hills  covered  with  peat ;  man's  interference  has  produced  a 
change,  and  there  is  no  necessity  in  calling  in  the  aid  of  an 
alteration  of  climate  to  effect  the  decay  which  is  apparent. 
Though  the  vegetable  soil  owes  its  origin  to  the  growth  of 
vegetation  and  insects  chieliy,  and  peat  entirely  to  vegetation, 
both  afford  proof  of  a  provision  of  nature  for  counteracting  the 
destructive  effects  of  atmospheric  agents — the  growth  of  plants 
and  insects,  and  their  death  and  decay,  forming  a  soil  wherein 
other  plants  and  insects  grow  with  increased  vigour ;  and  as 
successive  generations  which  had  lived  and  died  yield  up  their 
dust  aud  ashes  for  the  benefit  ot  their  successors,  the  earth 
becomes  the  fruitful  land  it  is.  Were  it  not  so,  frost,  heat,  rain, 
and  wind  would  so  act  on  the  surface  that  it  would  become 
either  a  sandy  desert  or  an  arid  wilderness.  I  am  endeavouring, 
then,  to  show  that  the  surface  soil  or  mould  is  the  product  of 
vegetation  and  insect  life ;  that  it  is  steadily  increasing ;  that  it 
is  the  great  preserver  of  the  surface  strata  from  disintegration  and 
denudation  ;  and  that  the  waste  of  the  land  is  chiefly  from  the 
sides  and  bottoms  of  water-runs,  streams,  or  rivers,  while  the 
great  surface  of  the  count r}^  covered  with  vegetable  soil  loses  com- 
paratively little. 

Of  course  this  law  of  the  origin  and  maintenance  of  the  vege- 
table soil  is  at  variance  with  the  views  of  Hutton  and  Playfair, 
as  stated  at  p.  105  of  the  "Huttonian  Theory."  There  it  is  said  : 
"  The  soil,  or  coat  of  vegetable  mould,  spread  out  over  the  surface 
of  the  earth,  is  washed  away  by  the  rains  aud  is  continually 
carried  down  to  the  sea.  It  is  removed  not  only  in  the  form  of 
sand  and  gravel,  but  its  finer  particles  suspended  in  the  waters. 
The  soil,  therefore,  is  continually  diminished,  its  parts  being  trans- 
ported from  higher  to  lower  levels,  and  finally  delivered  into  the 
sea.  It  is  a  fact  that,  notwithstanding,  the  soil  remains  the  same 
in  quantity,  or  at  least  nearly  the  same,  and  must  have  done  so 
ever  since  the  earth  was  the  receptacle  of  vegetable  or  animal 
life. 

"  The  soil,  therefore,  is  augmented  as  much  as  it  is  diminished. 
This  augmentation  proceeds  from  the  slow  disintegration  of  the 
rocks.  In  the  existence,  therefore,  i)f  a  coat  of  vegetable  mould 
on  the  surface  of  the  earth  we  have  a  demonstrative  proof  of  the 
continual  destruction  of  the  rocks." 

It  appears  to  me  a  fallacy  runs  through  the  whole  of  this 
theory.     Playfair   accounts    for    the    permanency    of   the    soil 
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or  mould  by  saying  that  chemical  and  mechanical  agents  disin- 
tegrate the  rocks  as  fast  as  the  water  carries  the  soil  away  to  the 
sea.  Any  one  standing  at  the  outfall  of  a  stream  or  river  must 
admit  that  gravel  large  and  small  in  many  cases,  and  mud  in  all, 
is  taken  from  the  land  and  cast  into  the  sea.  This  is  self-evident. 
In  liilly  countries  running  water  lowers  the  bed  in  which  it  Hows, 
the  sides  fall  in,  and  are  also  carried  away  ;  and  this  applies  to 
the  tiniest  rill  as  well  as  to  the  greatest  river.  So  far  I  entirely 
agree  with  the  Huttonian  theory.  It,  however,  has  not  been 
simple  disintegration  of  the  rocks  which  has  covered  all  the  low 
counties  of  Scotland,  and  to  the  south  of  England,  with  the  enor- 
mous coat  of  drift  or  boulder-clay  we  there  find.  Neither  has  it 
been  simple  destruction  of  the  rocks  which  has  mixed  with  the 
drift  or  boulder-clay  the  primitive  rocks  from  the  north-west, 
or  bits  of  shale  and  quartz  on  the  top  and  sides  of  the  Pentlands, 
or  laid  down  on  the  Yorkshire  chalk  the  debris  of  the  older  rocks 
to  the  north;  neither  has  the  north  of  Europe  received  its  coat  of 
boulder-clay,  drift,  clay,  sands,  gravels,  from  rocks  disintegrated  in 
situ.  In  order  to  cover  the  continent  of  North  America  with 
drift  up  to  the  40th  degree  of  north  latitude,  other  and  more 
powerful  disintegrating  agents  must  have  been  at  work  at  one 
time  than  now  exist  in  the  regions  named.  Then,  again,  Hutton's 
theory  accepts  the  existence  of  a  vegetable  mould.  It  accounts 
for  its  maintenance  by  the  destruction  of  the  rocks  ;  but  passes 
over  entirely  the  mode  in  which  it  was  at  first  formed.  In  fact, 
it  assumes  its  existence  without  accounting  for  it.  How 
did  this  mould  come  to  Ijc  there  ?  It  could  not  have  been 
deposited  by  the  same  means  which  have  produced  the 
strata  or  the  boulder-clay  or  drift.  It  could  not  suddenly  have 
formed  itself.  There  is  no  possibility  of  accounting  for  its 
existence  save  by  the  growth  and  decay  of  vegetation  hastened 
by  the  existence  of  animal  life  in  the  shape  of  insects. 
So  able  a  writer  as  Professor  Geikie,  who  advocates  the 
Huttonian  theory  and  the  uniformity  of  all  geological  phenomena, 
has  never  shown  how  the  vegetable  soil  or  mould  has  attained  its 
present  thickness,  or  become  what  we  now  find  it.  It  may  be 
said  that  the  drifts,  boulder-clays,  and  other  surface  deposits  are 
included  in  the  strata,  and  that  it  is  out  of  these  that  the  supply 
comes  to  make  up  the  loss  which  the  constant  washing  of  the 
rains  cause  to  the  soil.  Admitting  that  the  soils  are  made  up  out 
of  the  boulder-clay  or  other  deposits,  which  are  the  mother  of  the 
soil  in  most  countries,  and  not  the  strata  directly,  Hutton's 
theory  does  not  account  for  the  manner  the  soil  has  been  formed 
out  of  them.  By  that  theory  the  supply  only  equals  the  waste : 
there  has  been  no  increase.  Then  there  is  the  fallacy  which 
pervades  these  views.  The  existence  of  the  covering  of  vegetable 
soil  or  mould  is  admitted ;  its  increase  is  denied.     The  facts  are 
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against  this  view.  It  must  have  had  a  beginning, — a  small,  slow, 
humble  origin  perhaps.  Its  increase  must  have  been  gradual,  it 
may  not  have  been  regular ;  for  in  countries  where  the  hand  of 
man  has  not  interfered,  a  succession  of  different  vegetations 
covers  the  surface,  and  each  variety  has  its  own  debris.  Some 
may  have  added  more,  others  less,  just  as  we  find  that  the 
samples  of  soils  on  the  table  from  the  down  land  of  the  province 
of  Otago,  New  Zealand,  contains  from  25  to  30  per  cent,  vege- 
table matter,  while  the  cultivated  soils  here  afford  a  much 
smaller  proportion,  say  from  6  to  8  per  cent.,  the  subsoils  not 
affording  more  than  is  found  in  those  of  Scotland.  It  seems  to 
me  that  the  surface  soil  or  mould  is  a  record  of  the  existence  of 
former  life;  and  although  the  deposits  do  not  exist  in  the  shape 
the  annual  rings  do  in  the  tree,  they  afford  us  proof  that  no 
material  change  has  taken  place  in  atmospheric  agencies,  and 
that  certainly  no  geological  change  has  occurred  since  they  began 
to  form.  I  may  refer  to  what  I  have  observed  in  other  countries 
where  there  has  been  no  interference  until  of  late  years  with  the 
workings  of  nature.  In  Australia,  in  the  colony  of  Queensland, 
there  is  a  broad  plateau,  somewhere  between  1200  and  1800  feet 
above  the  sea,  from  wheuce  all  the  great  rivers  of  the  east,  south, 
and  north  take  their  rise, — the  Murray  by  its  longest  branch,  the 
Belyando,  the  Nagoa,  and  the  Dawson.  This  country  has  a  very 
deep  soil,  with  intervening  shallow  portions,  3  or  4  feet  of  vege- 
table soil  not  being  uncommon  over  large  districts.  In  digging 
wells  200  feet  of  subsoil  are  also  found.  In  one  specimen  on 
the  table  taken  at  a  station  called  Chardbeyn  small  bits  of  shells 
are  seen.  It  was  from  30  feet  under  the  surface,  and  away  from 
flooded  grounds.  Over  a  large  portion  of  this  broad,  elevated 
region,  the  source  of  so  many  rivers,  there  is  a  very  deep  vege- 
table soil,  and  the  strata  are  covered  with  a  su1)soil  not  formed  out 
of  the  rocks  on  which  it  rests.  Mr  Daintree,  who  as  geologist 
examined  a  considprable  part  of  the  colony  for  the  Government, 
gives  it  as  his  opinion  that  Little  upheaval  of  this  portion  ■  of 
Queensland  has  taken  place  since  the  volcanic  outbursts  of  a  late 
Tertiary  epoch.  From  this  summit  plateau,  if  anywhere,  the  soil, 
as  it  cannot  be  augmented  from  any  higher  level,  should  have 
been  transported  to  lower  levels,  were  Hutton's  theory  correct. 
Not  only  is  this  not  the  fact,  but  the  lower  levels  of  New  South 
Wales  and  Victoria  have  much  thinner  vegetable  soils  than  this 
elevated  region. 

There  is  another  fact  which  tells  against  this  theory  of  the 
great  transportation  of  the  surface  by  the  rivers.  It  is  this,  that 
as  the  climate  of  Australia  in  the  central  parts  is  very  subject  to 
droughts,  followed  by  heavy  rainfalls,  the  soils  should  be  swept 
into  the  rivers.  It  so  happens,  however,  that  in  much  of  the 
country  along   the   rivers   a   deep    black  soil  is   found,  which 
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evidently  has  been  formed  froiu  tlie  tloods  sweeping  down  the 
vegetable  matter  in  a  decaying  state.  This  material  appears  to 
sink  when  the  current  enters  the  mass  of  water  wliich  has  swollen 
over  the  banks.  ¥ov  considerable  distances  on  either  side  of 
many  of  the  sluggish  streams  this  decayed  vegetation  ibmis,  to 
some  depth,  a  black,  sticky,  and  tenacious  soil.  It  covers  a  large 
portion  of  all  the  land  liable  to  be  flooded  from  the  Glenelg  in 
Victoria  in  the  south  to  the  north  of  Queensland.  This  sticky, 
black  soil  contains  little  sand,  but  a  large  proportion  of  vegetable 
matter,  rents  deeply  when  dry,  and  should  have  been  the  first  to 
be  swept  away.  It  is,  however,  often  many  feet  deep ;  the 
general  depth  of  the  soil  away  from  the  rivers  or  flooded  land  is 
from  -4  inches  to  a  foot.  The  soils  and  subsoils  shown  are  from 
30  different  places  above  river  tioodmark,  in  Victoria,  Xew  South 
Wales,  and  Queensland.  The  subsoils  in  many  of  the  specimens 
do  not  seem  to  be  derived  from  the  rocks  disintegrated  in  place. 
There  are  countries,  however,  where  there  is  no  vegetable  soil. 
Some  of  these  I  have  seen.  The  countiy  around  Aden,  formed 
at  the  entrance  to  the  Red  Sea  from  a  volcanic  range  of  hills, 
with  a  very  uncertain  rainfall,  has  none.  The  rock  is  composed 
of  material  such  as  the  specimens  shown.  Tlie  rain,  when  it  does 
fall,  finds  nothing  retentive  in  the  debris  of  such  volcanic  pro- 
ducts to  absorb  and  retain  it,  and  drains  down  to" the  sea-level. 
The  whole  country  is  a  scene  of  desolation.  There  is  no  vege- 
tation, and  the  want  of  it  prevents  any  other  life  existing.  There 
is  not  a  particle  of  vegetable  soil  to  be  seen  save  in  a  garden, 
brought  there  in  ships,  and  where  the  plants  are  maintained 
by  watering.  Such  a  country  with  no  want  of  debris  from  these 
rocks,  and  small  enough  to  form  soil,  does  not  do  so  fiom  its 
inability  to  grow  vegetation. 

The  shores  of  the  Eed  Sea  to  Akaba  or  Suez  are  barren  enough, 
and  the  country  extending  from  the  Gulf  of  Oman  by  Mecca, 
the  Kubian  and  the  Libyan  deserts,  with  the  Sahara,  consists  of 
as  arid  a  district  as  exists,  and  even  the  rocks  have  their  covering 
of  sand.  One  streak  of  vegetation  alone  passes  through,  caused  by 
the  waters  of  the  Nile,  and  only  where  this  river  spreads  out  over 
the  land  of  Egypt  does  the  surface  possess  a  coating  of  soil,  which, 
as  in  all  other  places,  is  the  produce  of  vegetation,  aided  no  doubt 
by  the  slime  of  the  river.  *  This  slime,  let  me  add,  is,  according 
to  Baker  in  his  "  Nile  Tributaries,"  chiefly  obtained  from  the 
Atbara,  which  rises  in  the  high  lands  of  Abyssinia  and  looks  not 
unlike  glacial  mud — at  least  a  comparison  of  it  with  the  silt  from 
the  snow  rivers  of  New  Zealand  favours  the  supposition. 

This  desert  region  in  Africa  and  Asia  seems  to  extend  widely 
on  either  side  of  the  Tropic,  with  a  length  of  more  than  3000 
miles.  In  the  United  States  of  America  a  desert  country  exists. 
I)r  Newberry  says  that  the  district  west  of  the  Rocky  Mountains, 
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through  which  the  Colevado  river  flows,  and  which  he  calls  a 
basin  or  plateau,  or  great  plain,  is  bounded  on  every  side  by 
mountain  ranges  10,000  to  13,000  feet  high,  dotted  here  and  there 
by  isolated  mountain  masses  rising  like  islands  above  its  surface, 
with  the  profound  chasm  of  the  Colorado  Canon  scoring  with 
tortuous  and  diagonal  course  the  plain  through  the  entire  length 
of  its  greatest  diameter,  the  stream  flowing  for  nearly  500  miles 
from  3000  to  6000  feet  below  the  general  level.  Most  of  the 
surface  is  arid  and  desert-like, — barren  wastes  of  rock  and  sand, 
nowhere  containing  forests  or  carpets  of  herbaceous  vegetation, 
bub  only  a  few  scattered  pines,  with  threads  of  green  along  the 
streams.  Perhaps  no  portion  of  the  earth's  surface  is  more  irre- 
mediably sterile,  none  more  hopelessly  lost  to  human  occupation. 
It  is  valueless  to  the  agriculturist,  and  dreaded  and  shunned  by 
the  emigrant,  the  miner,  and  the  adventurous  trapper.  Here, 
then,  is  a  country  where  the  most  prodigious  destruction  of  the 
rocks  has  occurred,  and  yet  there  is  no  vegetable  soil.  There 
is  none  at  Aden,  and  also  little  over  the  3000  miles  along 
the  Tropic,  above  alluded  to.  If,  then,  destruction  of  the  rocks 
is  the  source  of  the  soil,  how  is  its  absence  at  these  places  to 
be  accounted  for  ? 

The  next  point  I  shall  allude  to  is  the  unusual  existence  of  soil 
or  mould  wherever  vegetation  exists, — from  the  vegetable  soils  of 
the  north  of  Scotland,  to  the  sharp,  clean  soils  of  Peeblesshire, 
those  on  the  drifts  on  the  primitive  rocks  of  Wigtonshire,  the  stiff 
clays  of  much  of  Northumberland,  the  mild  loams  of  Yorkshire, 
and  the  thin,  kindly  coating  on  the  chalky  wolds  of  Lincoln. 
Avoiding  the  water-fed  flats,  there  is  a  wonderful  regularity  in 
the  depth  of  soil  of  from  -4  inches  to  a  foot  or  rather  more.  In 
Prance,  Boussingault  says  the  soils  measure  from  4  to  13  inches 
in  depth  ;  Von  Thaer  says  those  of  Germany  are  rather  less.  Sir 
E.  Murchison  speaks  of  the  thin  soils  of  much  of  Russia,  with  its 
deep,  black,  vegetable  loam,  between  the  54th  and  57th  degrees 
of  north  latitude,  containiug  2i-  per  cent  of  nitrogen.  Mr  Eussell 
of  Kilwhiss  says  the  soils  of  New  England  States,  or  sea-side  States, 
in  America,  are  not  more  than  6  inches  thick.  The  western 
and  southern  states  have  a  deeper  soil,  but  save  when  water-fed 
they  are  not  more  so  than  the  soils  of  Scotland.  Having 
examined  the  soils  of  Australia  from  Melbourne  and  Geelong  to 
St  Arnaud  and  the  great  western  plains  of  Victoria,  and  from 
Echuca  by  Deniliquin,  the  Yanko,  the  Murrunbiggee,  the  Old 
Man  Plain,  and  by  Wagga  Wagga,  Tarcutta,  Gundagai,  Yass, 
Goulbern,  Picton,  and  the  country  around  Sydney,  I  found  that 
they  measured  from  4  inches  to  a  foot.  Near  Woolongong,  on 
a  coast-side  tract,  there  is  a  deeper  soil.  It  is  different  in  Queens- 
land :  around  Brisbane  there  is  a  thin,  shallow,  clayey  soil ;  about 
Ipswich  it  thickens  ;  and  when  Toowoniba  is  reached,  a  rich,  red 
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soil,  in  some  places  3  or  4  feet  deep,  stretches  away  for  many 
miles  to  Warwick.  Then  over  the  Darling  Downs  and  south  to 
the  latitude  of  Eockhampton  a  soil  of  considerable  variety  exists, 
richer  or  poorer,  and  from  a  few  inches  to  a  foot. 

I  have  already  alluded  to  the  deep  earthy  covering  of  the 
plateau  from  which  the  great  rivers  spring. 

Then,  in  New  Zealand,  over  much  of  the  Middle  Island,  there  is 
on  all  the  lower  country  a  very  peculiar  soil,  evidently  formed  out 
of  the  subsoil,  and  of  about  4  to  9  inches  deep.  This  soil  has  no 
pebbles  in  it ;  indeed  it  is  all  like  the  finer  material  of  which  the 
boulder-clay  consists  in  this  country,  without  the  fine  and  coarse 
gravel.  It  very  much  resembles  the  mud  from  the  snow  rivers ; 
and  the  subsoil  would  seem  to  have  had  its  origin  when  the  lower 
parts  of  the  country  were  covered  with  water,  which  left  this 
deposit  from  the  glaciers  which  filled  the  higher  glens  and  valleys, 
of  which  in  boulders,  and  a  carved  out  country,  there  are  ample 
evidences.  Much  of  the  North  Island  is  similar.  I  gather  from 
the  wonderful  similarity  in  the  depth  of  the  soils  of  both  hemi- 
spheres that  they  have  had  a  similar  origin  both  as  to 
formation  and  also  as  to  time.  Not  only  is  the  depth  of  the 
soil  in  both  hemispheres  alike,  its  productive  qualities  are 
equally  so.  Take  wheat ;  the  soils  of  New  Zealand  in  their 
produce  will  compare  with  those  of  Great  Britain,  being  respec- 
tively 28  and  29  bushels  per  acre ;  South  Australia  and  Victoria 
will  compare  with  France  and  Germany,  both  yielding  13  bushels. 
Australasian  vines  will  compare  as  to  produce  with  those  of  Spain 
and  Portugal ;  while  the  oranges  grown  in  Sydney,  poor  as  the 
soil  is,  will,  when  they  are  raised  well,  come  nearly  up  to  those 
of  Seville.  The  beef  and  mutton  and  the  wool  of  the  interior  of 
both  New  Zealand  and  Australia  will  compare  with  the  produce 
of  North  America  and  Europe. 

From  my  own  observation  I  may  add  that  the  soils  of  those 
portions  of  the  northern  hemisphere  which  I  have  examined 
have  their  counterpart  over  the  south,  and  that  their  productive 
capability  also  corresponds.  From  this  opinion  I  draw  the  con- 
clusion that  their  mode  of  formation,  age,  and  history  have  been 
alike  ;  that  whatever  causes  have  produced  the  soils  of  the  north 
have  also  formed  those  of  the  south  ;  and  not  only  the  soils,  but 
the  subsoils  (out  of  which  vegetation  and  insect  life  have  formed  • 
the  soils),  are  to  a  great  extent  alike  in  their  origin  in  Ijoth 
hemispheres.  What  that  origin  has  been  remains  for  settlement, 
and  can  only  be  learnt  by  what  Von  Thaer  called  a  mechanical 
analysis,  and  by  not  much  less  study  than  has  been  applied  to 
the  examination  of  the  Tertiary  and  other  formations. 
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mil  May  1877. 
James  Bryce,  Esq.,  LL.D.,  Vice-President,  in  the  Chair. 
The  following  Communication  was  read  : — 

On  Metamorphism  and  Vulcanicify,  as  displayed  hy  the  Bocks  of 
the  Edinburgh  District ;  suggested  hy  Mr  Kinahan's  paper  on 
the  Irish  RocTcs.  (See  page  59.)  By  Andrew  Taylor, 
F.C.S. 

The  peculiar  configuration,  half  distinct,  half  in  misty  shadow, 
of  our  local  hills  in  an  East  wind,  betokens  the  present  phase  of 
our  petrological  knowledge.  Additions  of  more  Latin  or  Greek 
derivatives  to  our  sorely  over-burdened  scientific  nomenclature, 
as  Mr  Kinahan  proposes,  must  be  viewed  with  distrust,  as  they 
serve  to  cover  our  ignorance  as  well  as  to  display  our  scientific 
advances.  Very  misty  notions  indeed  still  prevail  on  the  general 
subjects  of  metamorphism  and  vulcanicity.  The  termination  of 
the  Wernerian  and  Huttonian  controversy  is  popularly  held  to 
have  decided  that  rocks  have  been  mostly  formed  out  and  out 
either  by  fire  or  water ;  organic  rocks,  such  as  coal  or  limestone, 
being  formed  mostly  as  their  name  indicates.  But  this  is  not 
borne  out  even  by  modern  instances.  Gases  are  formed  in  the 
crater  of  Vesuvius,  from  the  surface  vegetation  as  well  as  from 
its  fiery  sublimations.  Lava  streams  like  those  in  Hawaii,  which 
are  seventy  miles  long,  keep  the  heat  they  had  ere  issuing  from 
the  central  source  of  supply  for  years,  thereby  altering  the  texture 
of  the  surrounding  limestone.  Eumaroles  and  mud  volcanoes 
deposit  their  special  rocks  and  minerals  ;  so  also  do  hot  springs. 
All  these,  as  well  as  the  trappean  and  metamorphic  rocks,  are 
the  evidences,  not  the  cause,  of  vulcanicity.  Volcanoes  are  the 
results  of  the  same  power  which  rends  and  contorts  strata ;  they 
are  not  the  prime  movers  in  these  physical  changes.  This,  or 
vulcanicity,  has  a  mundane  extension,  and  has  prevailed  with 
more  or  less  intensity  through  past  time.  We  are  now  living  in 
a  cycle  of  such  intensity.  It  seems  to  attack  weak  parts  of  the 
earth's  crust,  one  of  which  is  shown  by  numerous  trap  pro- 
minences and  dykes,  as  well  as  dishevelled  aqueous  beds  in  the 
central  valley  of  Scotland,  specially  round  our  city. 

Metamorphism  may  be  termed  a  concomitant  of  vulcanicity. 
It  may  occur  in  an  intensely  disturbed  district,  or  amongst  strata 
showing  only  the  quiet  action  of  water.  But  whether  it  mani- 
fests itself  by  the  action  of  hot  or  calcareous  springs  now  ; 
whether  the  atmospheric  waters  as  they  sink  deep  down  carry 
part  of  the  materials  of  the  intervening  strata,  again  depositing 
them  as  new  minerals  in  the  further  depths  ;   whether  in  past 
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time  hot  or  dry  steam  have  altered  great  areas  of  rock,  not  in  the 
way  of  our  laljoratory  experiments,  but  rather  after  the  larger 
operations  of  manufacturing  chemistry — all  these  phases  can  be 
traced  to  the  same  plutonic  source.  Metamorphism,  we  know, 
sometimes  completely  alters  the  character  of  the  rock  it  acts  on, 
changing  limestone  beds  into  garnet,  augite  or  hornblende  rocks 
and  sandstones  into  felstones.  The  many  curious  junctions  of 
trappean  with  aqvieons  rocks,  as  seen  in  Fife  and  the  Lothians, 
have  been  long  ago  figured  and  described  by  Hay  Cunningham.* 
The  special  sections  in  Salisbury  Crags  showing  this  were  long 
battle-grounds  for  Wernerian  and  Huttonian  disputants.  Now 
it  appears  right  that  the  fresh  knowledge  acquired  of  the  specific 
peculiarities  of  metamorphism  and  vulcanicity  should  receive 
topographic  expression.  Mr  Kinahan  brings  us  his  great  ex- 
perience as  a  geological  surveyor  to  do  this.  As  he  remarks, 
Scotland  and  Ireland  are  intimately  connected  in  a  geological 
point  of  view.  The  same  vulcanicity  which  gave  our  lowland 
central  valley  its  peculiarities  of  physical  structure  extended  into 
northern  Ireland.  If  our  trap  bosses  mainly  poured  out  through 
the  great  transverse  faults  with  which  vulcanicity  has  scored  our 
local  area,  through  such  openings,  too,  would  dry  steam 
(paroptesis)  alter  surrounding  districts,  or  wet  steam 
(metapepsis)  change  much  larger  districts  ;  hence,  too,  hot  springs 
might  operate  on  beds  near  volcanic  outbursts,  to  form 
such  curious  siliceo-calcareous  beds  as  those  ofKirkton,  near 
Bathgate,  or  at  Ehodes,  near  North  Berwick.  Here,  likewise,  as 
in  Ireland,  intruding  igneous  rocks  only  alter  their  connected 
aqueous  beds  in  a  very  partial  way.  Mr  Kinahan  may  not 
include  all  the  causes  of  metamorphism  in  his  threefold  classifica- 
tion. Magnetic  currents,  dissociation  of  chemical  elements  under 
conditions  of  which  we  have  no  experimental  knowledge,  and 
heat  thus  generated,  besides  other  unknown  forces,  may  all  have 
influenced  the  structure  of  strata  not  only  once,  but  repeatedly. 
Then,  again,  the  proposed  classification  may  not  be  so  satisfactorily 
carried  into  that  complete  detail  which  should  cover  all  the  varie- 
ties, for  instance,  of  our  clays,  sandstones,  and  coals.  Still,  good 
classiticatory  maps  could  be  made  by  it  which  would  aid  the 
otherwise  delightful  study  of  our  district  rock  phenomena,  now 
obscured  by  an  unnecessarily  difficult  nomenclature.  A  system 
of  signs  or  symbols  already  employed  in  botany,  and  long  since 
suggested  to  distinguish  ripple-marked  sandstones  by  Sorby, 
would  at  once  show  the  intelligent  observer  what  to  look  for.  In 
Penning's  "  Field  Geology,"  at  page  32,  will  be  found  a  triple 
alternative  set  of  such  symbols  to  represent  such  rocks  as  lime- 
stone, sandstone,  gault,  chalk,  &c.  ;  one  colunni  shows  Greek 
letters,  the  next  Eoman  capitals,  and  the  third  the  signs  similar 

*  Essay  ou  Geology  of  Fife  and  Lothinns  :  EJinbuigh,  James  Tliiii. 
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to  those  of  our  telegraph  alphabets.  These  have  a  direct  geologi- 
cal reference :  "  Thus  a  section  of  gravel  over  Thanet  beds  faulted 

against  chalk,  would  be  shown  — — -,  and  a  bed  of   liruestone 

resting   on   sandstone   and   dipping    in   the   same    direction  — 

(Whitaker)."  But  it  may  be  questioned  how  far  we  are  correct 
in  ascribing  the  vulcanicity  or  metamorphiam  of  a  rock  to  any 
geological  age.  Indeed,  a  main  object  of  such  detailed  survey  as 
is  proposed  is  to  determine  how  far  the  Edinburgh  district  rocks 
go  to  show  vulcanicity  to  be  a  diminishing  force  since  the  dawn 
of  time  ;  how  far  the  effects  of  tliis  force  alone  point  out,  as 
Eichthoffen  suggests,  three  great  time  epochs,  viz.,  at  the  close  of 
the  Old  Eed  Sandstone,  during  the  Permian,  and  at  the  junction 
of  the  Cretaceous  with  the  Tertiary  epochs  ;  how  far,  as  Mr  Grieve 
of  Burntisland  suggests,  the  metamorphism  of  the  Pentlands  may 
have  gone  on  throughout  the  ages.  A  special  map,  coloured  so 
as  to  show  regional  metamorphism,  that  of  dry  heat,  and  special 
hydro-thermal  action,  appears  at  first  sight  requisite.  But  in 
districts  like  the  Queen's  Park  alone  all  the  three  agencies  may 
have  left  traces  of  their  work  in  such  limited  space  as  to  render 
their  delineation  on  a  map  very  difficult ;  moreover,  the  same  bed 
may  have  been  subjected  to  two  of  these  modes  of  change 
at  different  times.  Well  expressed  symbols  appear,  therefore, 
most  suitable.  If  we  adopt  David  Forbes'  classification  of  rocks 
into  Ingenitc  rocks  (born,  bred,  or  created  within  or  below),  and 
second,  Derivative  rocks,  "  since  directly  or  indirectly  they  are  all 
derived  from  the  destruction  of  the  former,"  the  initial  letters  I 
and  D  might  serve  as  major  parts  of  our  symbols,  along 
with  either  a  smaller  letter  to  denote  chemical  composition,  and 
another  geological  conditions.  Thus  the  plug  at  Arthur's  Seat 
might  be  represented  1 1 ;  and  the  beds  on  Calton  Hill  thus 
D I ;  A  stands  for  an  acidific  rock  or  the  trachy tic  series ;  B 
for  a  basic  rock,  such  as  a  basalt  or  augitic  rock;  the 
lower  letters  P  and  S  denote  that  the  rock  is  either  an  intrusive 
plug  or  stratified.  Distinct  symbols  would  have  to  be  given  for 
the  different  kinds  of  metamorphism,  thus  accepting  for  the 
nonce  Mr  Kinahan's  classification — Q  for  paroptesis ;  (m\  for 
metapepsis ;  and  Q  for  the  metamorphism  caused  by  hot  springs 
and  fumaroles.  These  symbols  would  go  before  the  ordinary  rock 
ones, — nay,  might  be  repeated  along  the  horizon  of  the  same  bed. 
They  besides  might  have  to  represent  the  same  action  over 
several  beds,  different  in  mineral  constitution  though  in  juxta- 
position. All  this  is  well  exhibited  in  the  sections  along 
Salisbury  Crags.  It  is  somewhat  difficult  to  define  the  exact  line 
of  demarcation  betwixt  the  "  dolerytic  "  bed  and  the  sandstones 
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and  ochry  clays  beneath ;  then  again  the  peculiar  foliation  of  the 
beds,  as  well  as  the  joints,  being  filled  either  with  calciteor  silica 
of  low  specific  gravity,  likewise  the  sandstone  changing  into 
quartzite  at  some  places  of  its  bedding,  testify  to  rnetapepsis. 
Professor  Fleming  said  no  more  than  this.  On  the  other  hand, 
the  masses  of  red  clay  caught  up  in  the  so-called  intrusive  rock, 
as  well  as  the  widely  celebrated  sections  showing  changes  into 
porcellanite  and  its  allies,  testify  as  well  to  paroptesis.  The  long 
recognised  eruptive  plugs  may  either  be  truly  so,  or  the  depression 
of  doleritic  matter  of  heavier  specific  gravity  into  the  curves 
caused  by  the  beudings  of  the  aqueous  strata.  The  fluorine  dis- 
covered by  Dr  George  Wilson  in  the  trap  of  the  crags,  and  the 
boron  contained  in  the  mineral  datholite  found  by  Jamieson  in  a 
quarry  at  the  east  end  of  the  Eadical  lioad,  must  have  been 
derived  from  fumarole  action. 

IMr  Kinahan  gives  instances  where  stratified  ash  beds 
gradually  merge  into  dolerites,  clays  and  sandstones  into  por- 
cellanites,  and  ultimately  into  felstones ;  also  that  a  bed  of  shale 
or  the  like  may  graduate  into  an  ash-bed,  both  being  formed  at 
the  same  time.  The  section  from  Heriot  Mount  across  the 
Hunter's  Bog  to  the  extremity  of  Arthur's  Seat,  with  its  bedded 
tuffs  and  dolerites,  becomes  interesting  from  this  point  of  view. 
But  specially  so  is  the  Calton  Hill.  Whether  the  limestone 
yielding  estuarine  fossils  similar  to  Burdiehouse,  and  found  at 
Lochend,  also  in  deep  municipal  drains  sunk  through  Eankeillor 
Street,  be  stratigraphically  identical  with  that  bed,  it  must  be 
placed  on  the  same  horizon.  In  both  cases,  as  well  as  in  West 
Lothian,  shales,  clay,  ironstones,  sandstones,  and  coals  surmount 
it.  It  is  quite  conceivable  that  the  red  ochry  clays  and  sandstones 
disclosed  in  the  talus  of  the  Crags  found  in  digging  foundations 
throughout  the  eastern  district  of  the  city,  from  the  High  Street 
to  the  Links,  may  have  been  formed  at  the  same  time  as  the  oil- 
shales  on  the  same  horizon,  but  were  changed  by  the  parapeptic 
action  of  such  intrasive  igneous  masses  as  the  summit  of  Arthur's 
Seat  or  the  Castle  rock,  aided  by  the  numerous  trap  dykes  running 
through  this  part  of  the  city :  the  heat  retained  in  these  masses 
long  after  their  eruption  would  alone  have  great  effect  in  altering 
surrounding  strata.  Very  similar  observations  may  be  made  re- 
garding the  structure  of  the  Calton  Hill.  According  to  I'rofessor 
Earasay,  the  estuarine  limestone  may  have  been  in  most  part 
formed  by  hydro-thermal  action.  Though  that  were  the  case, 
animal  and  vegetable  life  might  flourish  at  the  same  time.  Do 
then  the  ash-beds  necessarily  demand  a  true  volcanic  source  ? 
Salzes  now  emit  such  products.  If  what  are  now  termed  the 
porphyrite  beds  were  originally  argillaceous  or  arenaceous, 
liydrothermic  vapours,  issuing  from  the  numerous  fissures  running 
through  the  hill,  would  give  them  their  present  mineral  aspects. 
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More  than  twenty  years  ago  Dr  Voelcker  published  an  analysis 
of  the  anthracite  of  the  Calton  Hill.*     It  is  as  follows  : — 

Carbon, 

Hydrogen, 

Nitrogen, 

Oxygen, 

Sulphur, 

Ash,      . 

100-00 


Dr  Voelcker  drew  attention  to  the  fact  of  the  sulphur  occurring 
in  organic  combination;  that  its  per  centage  of  sulphur  is  such  that 
it  could  not  have  been  obtained  from  decomposing  iron-pyrites, 
but  must  have  been  of  organic  origin.  The  anthracite  is  not  the 
primitive  carbon  of  the  mineralogists.  May  it  not  then  have 
been  derived  from  some  of  the  organic  beds  on  the  horizon  of  the 
Burdiehouse  limestone  ?  This  as  a  changed  bed,  and  its  whole 
conjoined  strata,  was  shown  in  a  section  of  a  tunnel  recently  made 
at  North  Queensferry.  At  Winchburgh,  on  the  same  horizon, 
a  cement  stone  may  be  seen  gradually  emerging  into  a  porphyrite. 
In  both  of  these  latter  cases  ozokerite  is  associated  with  the 
limestones  as  a  residt  of  the  same  metamorphism. 

The  occurrence  of  minerals  in  our  Edinburgh  rocks  must  throw 
light  on  the  origin  of  the  latter.  Olivine,  for  instance,  surely  be- 
tokens an  ingenitic  source ;  prehnite,  analcime,  pectolite,  found 
at  Samson's  Ribs,  Calton  Hill,  and  Ratho  betoken  hot  springs  ; 
so,  too,  do  the  chalcedony,  jaspers,  and  the  like ;  though  as  yet  we 
may  not  be  able  to  explicate  the  genesis  of  these  latter  minerals. 


Death  of  Dr  James  Bryce. — "Whilst  these  pages  were  pass- 
ing through  the  press,  the  Society  lost,  by  a  most  deplorable 
accident,  its  genial  and  distinguished  Vice-President,  Dr  James 
Bryce.  He  had,  in  prosecution  of  those  researches  which,  in 
connection  with  the  Geology  of  the  islands  of  Arran,  Skye,  and 
Eaasay,  had  rendered  his  name  famous,  proceeded  to  Foyers,  in 
Inverness-shire.  On  11th  July  1877,  his  lifeless  body  was  found 
in  the  Pass  of  Inverfarikaig,  at  the  foot  of  a  steep  slope  on  which 
rested  a  mass  of  boulders,  some  of  which,  it  is  believed,  had  been 
loosened  by  his  hammer,  and  falling,  had  carried  him  along  with 
them,  kiUing  him  in  their  headlong  descent.  Truly,  he  died  a 
martyr  to  his  love  of  our  science.  An  obituary  notice  of  Dr 
Bryce  (who  was  born  near  Coleraine,  in  the  north  of  Ireland, 
Oct.  1806}  will  be  read  at  the  next  Anniversary  meeting  of  the 
Society. — E.  R. 
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PAPERS  READ,  AND  EXHIBITIONS  OF  -FOSSILS,  ETC., 
MADE,  BEFORE  THE  EDINBURGH  GEOLOGICAL 
SOCIETY  DURING  SESSIONS    1874-1877. 

Wi  November  1874. — (41st  Anniversary  Meeting). — On  the  Palse- 
ontological  Significance  of  the  Migrations  of  Animals.  By  H.  AUeyne 
Nicholson,  M.D.,  D.Sc. — 2.  Exhibition  by  Dr  Nicholson  of  a  Collec- 
tion of  North  American  fossils.* 

Zrd  December  1874. — 1.  On  Phenomena  of  Weather-action  and 
Glaciation  exhibited  by  the  Alps  of  Switzerland  and  Savoy  ;  being 
Notes  of  a  recent  Tour.  By  Ralj^h  Richardson. — 2.  On  the  different 
Convulsions  which  the  Earth's  Crust  has  undergone  since  the  deiDosition 
of  the  Old  Red  Sandstone.  By  G.  H.  Munro  Binning  Home  of 
Argaty. 

1th  January  1875. — 1.  On  the  Wardie  and  Granton  series  of  Shales 
and  Sandstones.  By  John  Henderson. — 2.  Exhibition  of  Carboniferous 
Brachiopoda  from  Fife  and  the  Lothians.  By  Alexander  Somervai]. 
3.  Exhibition  by  ]Mr  Richardson  of  specimens  of  Alpine  Rocks  and 
Crystals,  with  Stones  polished  by  existing  Alpine  Glaciers. 

ith  February  1875. — 1.  On  the  Physical  Geology  of  the  district 
between  the  Bathgate  and  Pentland  HiUs.  By  Andrew  Taylor,  F.C.S. 
2.  On  some  Fossil  Fishes  from  the  neighbourhood  of  Edinburgh.  By 
Ramsay  H.  Traquair,  M.D.,  F.G.S.,  Vice-President.— 3.  Notice  of 
some  Geological  Sections  in  the  North-west  Highlands.  By  James 
Bryce,  LL.D.,  F.G.S. 

4f/i  March  1875. — 1.  Notice  of  a  large  Striated  Boulder  recently 
exposed  in  Tynecastle  Sandpit,  Gorgie  Road,  Edinburgh.  By  D. 
Milne-Home,  LL.D.,  President. — 2.  On  Phenomena  of  Glaciation  ex- 
hibited by  the  Rocks  of  Corstorphine  Hill.  By  Ralph  Richardson, 
W.S. 

18^7*  March  1875. — 1.  On  the  study  of  Igneous  Rocks.  By  Ami 
Bou^,  M.D,,  Vienna,  Foreign  Corresponding  Fellow.  (Communicated 
by  Professor  Geikie,  F.R.S.,  late  President  of  the  Society). — 2.  On  the 
Limestones  of  the  Western  Highlands  of  Sutherlandshire.  By  Charles 
W.  Peach,  A.L.S.  Associate  (with  sections  and  fossils). — 3.  On  the 
fine  "  Carte  Hydrologique  du  Department  de  Seine-et-Marne,"  executed 

*  This  fine  collection,  made  by  Dr  Nicholson  himself,  whilst  Professor  of 
Natural  History  in  University  College,  Toronto,  was  presented  by  him  to  the 
Society,  and  deposited  in  the  Museum  of  Science  and  Art,  Edinburgh. 


and  presented  to  the  Society  by  its  Foreign  Corresponding  Fellow 
Professor  Delesse,  Ingenieur-en-chef  des  Mines,  et  President  de  la 
Commission  centrale  de  Geographie,  Paris.  By  Ealph.  Pdcliardson 
F.Pt.S.E.,  Hon.  Secretary. 

Id  April  1875. — 1.  On  the  Phosphorescence  of  Minerals.  By 
Dr  Daniel  Hahn,  Foreign  Corresponding  Fellow. — 2.  On  the 
necessity  for  a  new  Catalogue  of  the  Trappean  Rocks  of  the  Edinburgh 
District.  By  Andrew  Taylor,  Associate.— 2t.  Xote  on  a  Bed  of  Strati- 
fied Sand  on  Corstorphine  Hill,  and  on  the  indications  of  a  post- 
Glacial  Sea.     By  James  Wilson. 

Qth  May  1875.— 1.  On  Three  Striated  Eocks  at  East  Linton  in 
Haddingtonshire.  By  D.  Milne-Home,  LL.D.— 2.  On  the  "Ballen- 
geich  Boulder"  and  "  Witch's  Stone,"  and  other  Glacial  Phenomena 
in  the  districts  of  Eatho  and  Mid-Calder.  By  D.  i\Iilne-Home,  LL.D., 
and  James  Melvin,  Bonnington,  Eatho. — 3.  On  certain  Glacial 
Phenomena  recently  exhibited  in  the  Neighbourhood  of  Edinburgh. 
By  John  Henderson. — 4-.  On  the  occurrence  of  Chalk  Flint  Xodules 
and  Greenstone  Boulders  in  the  post-Pliocene  Sands  (stratified)  at 
Marionville,  Edinburgh.     By  Thomas  Smyth. 

2'ith  May  1875. — 1.  On  the  want  of  a  Systematic  L^niversal  Xomen- 
clature  in  Mineralogy.  By  Dr  Daniel  Hahn,  Foreign  Corresponding 
Fellow. — 2.  On  the  Distribution  of  the  Brachiopoda  in  the  Carboni- 
ferous Eocks  of  the  Lothians  and  Fife.  By  Alexander  Somervail, 
Convener  of  the  Society's  Lothians  and  Fife  Palceontological  Committee. 
Ath  Novemher  1875. — (42nd  Anniversary  Meeting).  Address  by  the 
President,  Mr  Milne-Home. 

181^/4  Novemher  1875. — 1.  On  Metamorphism  and  Vulcanicity.  By 
G.  H.  Kinahan,  M.R.LA.,  District  Surveyor  of  H.M.  Geological 
Survey  of  Ireland,  an  Associate  of  the  Society.  — 2.  Introduction  to 
the  Catalogue  of  Fossil  Brachiopoda  of  the  Lothians  and  Fife,  prepared 
by  the  Society's  Palaaontological  Committee.  By  Thomas  Davidson 
F.E.S.,  an  Honorary  Fellow  of  the  Society. 

16/7t  Deceraher  1875. — 1.  A  Eeview  of  Mr  Kinahan's  recent 
Paper  on  ]Metamorphism  and  V^ulcanicity.  By  G.  J.  Primrose  Grieve, 
Burntisland.— 2.  Xotes  on  the  Geology  of  the  West  Highlands  and 
Western  Islands.     By  James  Bryce,  LL.D.,  F.E.S.E. 

2Qth  January  1876.— 1.  On" the  Work  of  H.M.S.  "  Challenger," 
in  the  Pacific.  By  Andrew  Taylor,  F.C.S.,  Associate. — 2.  Observa- 
tions on  the  Lateral  Movements  of  the  river  Earn.  By  Frederick  E. 
Smith,  Perth. 

2ith  Fehruary  1876. — 1.  Further  Observations  on  recent  Earth- 
quake Shocks  in  Scotland,  and  the  means  of  testing  their  Force  and 
Direction.  By  James  Bryce,  LL.D.,  Convener  of  the  British  Associa- 
tion's Committee  on  Earthquakes  in  Scotland. — 2.  On  the  District 
traversed  by  Lieutenant  Cameron,  E.X.,  during  his  recent  African 
Expedition  ;  with  remarks  on  the  probable  Sources  of  the  Xile  and 
Congo.  By  John  ]\Iason.  (Communicated  by  tlie  Honorary  Secretary). 
This  Paper  was  illustrated  by  a  Map  of  Equatorial  Africa  specially  pre- 
pared by  Mr  Ma*on. 

23/'J  Marcl  1876.— 1.   On  the  Geology  of  Xorth  and  South  Queens- 


ferry  ;  with  Observations  on  some  recently  exposed  Sections.  By 
Andrew  Taylor,  PCS.,  Councillor. — 2.  On  the  ^N'orth  Atlantic 
Ocean-bed.     By  Ralph  Eichardson,  F.RS.E.  (with  Maps). 

Qth  Ajml  1876.— 1.  The  last  Glacier  in  Skye.  By  William  Jolly, 
H.M.  Inspector  of  Schools,  Inverness. — 2.  A  Theory  of  the  cause  of 
the  Great  Glacial  Epoch,  particularly  in  Britain.  (Being  conclusion  of 
the  Paper  on  Deep- Sea  Soundings  in  the  North  Atlantic  Ocean,  which 
was  partly  read  at  last  meeting).     By  Ralph  Richardson,  F.R.S.E. 

20t7i  April  1876. — 1.  Notes  on  some  Glaciated  Rock  Surfaces  on 
Peter's  Hill,  and  Dechmont  Hill,  Linlithgowshire.  By  James  Linn, 
Livingstone. — 2.  Note  on  Polished  and  Smoothed  Surfaces  on  portions 
of  certaia  Gas-coal.  By  Andrew  Taylor,  F.C.S. — 3.  Further  Observa- 
tions on  the  Moraines  of  Loch  Snizdale,  Isle  of  Skye.  By  William  Jolly, 
Inverness.     (Communicated  by  Mr  Linn). 

11^/i  May  1876. — 1.  On  the  Glacial  Phenomena  of  Scotland,  and 
their  Causes,  with  special  reference  to  the  recent  Works  of  Dr  Croll 
and  Mr  James  Geikie.  By  Alexander  Somervail. — 2.  Comparative 
Notes  on  Swiss  Glacier,  and  Scotch  Glacial,  Phenomena.  By  Ralph 
Richardson,  F.R.S.E — 3.  Notes  on  the  Glaciation  of  New  Zealand. 
By  James  Melvin,  Bonnington,  Ratho. 

\&th  November  2876. — (43rd  Anniversary  Meeting),  Inaugural  Ad- 
dress.    By  the  President,  Mr  Mdne-Home. 

2i0tli  NoDemher  1876. — 1.  Observations  on  the  Classification  of  the 
Coal  Series,  and  the  Scottish  Trap  Rocks.  By  Dr  Bryce,  Vice-President. 
— 2.  Exhibition  of  a  Collection  of  Geological  Specimens  from  the  Island 
of  Portland.     By  Dr  W.  T.  Black. 

2\st  December  1876. — 1.  Note  on  a  Slab  exhibiting  Foot-prints 
from  Locher  Briggs  Quarry,  Dumfriesshire.  By  Andrew  Taylor,  F.C.S. 
— 2.  On  the  Stratification  displayed  by  the  Tunnel  recently  constructed 
at  North  Queensferry,  by  the  Dunfermline  and  Queensferry  Railway 
Company.     By  Andrew  Taylor,  F.C.S. 

\%th  January  1877. — 1.  Exhibition  of  Specimens  of  Earynotm 
crenatus  from  the  Ironstone  of  Gilmerton.  By  Alexander  Somervail. 
— 2.  Notice  of  Glaciated  Rock-Surfaces  (displaying  Corals)  near  Bath- 
gate, recently  quarried  away.  By  Ralph  Richardson. — 3.  Note  on 
Specimens  of  Ulodendron,  frum  West  Calder  and  Uphall.  By  James 
Linn.     (The  Specimens  were  exhibited). 

2nd  February  1877. — 1.  Note  on  a  Striated  Erratic  recently  ex- 
posed at  Granton  ;  with  Observations  on  the  requisites  for  determining 
the  Parent-rocks  of  Erratics.  By  Ralph  Richardson. — 2.  On  Old 
Sea-Margins.     By  David  Milne-Home,  LL.D. 

22nd  February  1877. — 1.  Report  on  Sections  recently  opened  at 
Alnwick  HiU,  near  Edinburgh.  By  John  Henderson  and  Thomas  Ker 
Farquharson. — 2.  MrWilliam  Ferguson  of  Kinmundy,  F.R.S.E.,  F.G.S., 
submitted  a  series  of  specimens  of  Chalk-Flints  and  Greensand 
Fossils,  from  Aberdeenshire,  and  read  Notes  on  their  occurrence. 

\bth  March  1877. — 1.  Exhibition  of  Rolled  Pebbles  from  the 
Beach  at  Dunbar,  with  Explanatory  Remarks  on  their  Formation.  By 
Dr  W.  T.  Black. — 2.  On  the  Nature  and  Origin  of  the  Surface  or 
Vegetable  Soil,  and  its  influence  on  Geological  Phenomena.     By  James 


Melvin,  Bonnington,  Vice-President,  President  of  the  Scottish  Chamber 
of  Agriculture. 

11  th  May  1877. — 1.  Note  on  a  Section  recently  exposed  in  Marshall 
Street,  Edinburgh.  By  Andrew  Taylor,  F.C.S. — 2,  On  some  Fossil 
Plants  from  the  Calciferous  Sandstone  around  Edinburgh.  By  Charles 
W.  Peach,  A.L.S. — 3.  On  "  Metamorphism  and  Vulcanicity"  as 
displayed  by  the  Rocks  of  the  Edinburgh  district.  Suggested  by  Mr 
G,  H.  Kinahan's  Paper  on  the  Irish  Pocks,  read  1 8th  November  1875. 


SUMMEE  EXCUESIONS  OF  THE  SOCIETY. 

1875. 

1.  12th  June.  To  Burdiehouse.     Lertrfe?-,  Mr  Alexander  Somervail. 

2.  26th  June.  To  Camps  Quarries,  East-Calder.  LeacZer,  Mr  James 
Melvin. 

3.  10th  July.  To  Arthur's  Seat.     Leader,  Mr  John  Henderson. 

4.  22nd  July.  To  Corstorphine  Hill.     Leader,  Mr  D.  J.  BroAvn. 

1876. 

1.  27th  May.     To  the  Bathgate  Hills.     Leader,  Mr  James  Linn. 

2.  17th  June.  To  Morrison's  Haven,  MussellDurgh.  Leader,  Mr 
John  Buchanan. 

3.  1st  July.     To  North  Queensferry.     Leafier,  Mr  Andrew  Taylor. 

4.  22nd  July.  To  the  Pentland  Hills  (crossing  the  Hills  from 
Macbie  Hill  Railway  Station,  via  Carlops,  "  the  Cauldstane  Slap," 
and  Cairns  Castle,  to  NewjDark).     Leader,  Mr  John  Henderson. 
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EDINBURGH    GEOLOGICAL    SOCIETY. 

{Corrected  to  1st  June  1877.) 


I.  HONOEAEY  FELLOWS. 

{The  number  is  limited  by  Law  to  Tivclve.) 

His'  Grace  The   Duke  of  Aegyll,  K.T.,  D.C.L.,   F.R.S.,   Chancellor  of  tlie 

University  of  St  Andrews  ;  Inveraray  Castle,  Argyllshire,  and  Argyll  Lodge, 

Campdeu  Hill,  London.     Patron  of  the  Society.* 
Joachim   Bakrande,   Corres.   Mem.  Imp.  Acad.,  Vienna,  22  Rue  de  I'Odeon, 

Paris,  and  419  Kleinseite,  Choteksgasse,  Prague. 
Andrew  Crombie  Ramsay,  LL.D.,  P.R.S.,  V.P.G  S.,  Director-General  of  the 

Geological  Surveys  of  the  United  Kingdom,   Geological  Museum,   Jermyn 

Street,  London,  S.W. 
Thomas  Davidson,  of  Muirhouse,  F.R.S.,  3  Leopold  Road,  Brighton. 
Edward  William  Binney,  F.R.S.,  55  Peter  Street,  Manchester. 
David  Page,  LL.D.,  F.R.S.E.,  Professor  of  Geology  in  the  College  of  Physical 

Science,  Newcastle-upon-Tyne  ;  President  of  the  Society,  1866-8. 
Archibald  Geikie,  LL.D.,  F.R.S.,  Professor  of  Geology  in  the  University  of 

Edinburgh,  and  Director  of  the  Geological  Survey  of  Scotland,  India  Build- 
ings ;  President  of  the  Society,  1868-74. 
John  Hutton  Balfour,  M.A.,  M.D.,  F.R.S.,  Secy.  R.S.E.,  Professor  of  Botany 

in  the  Universitv  of  Edinburgh,  27  Inveiieith  Row. 
James   Nicol,    F.R.S.E.,    Professor  of  Natural   History   in  the  University  of 

Aberdeen. 
Thomas  C.  Archer,   F.R.S.E.,  Director  of  the  Museum  of  Science  and  Art, 

Chambers  Street. 
Thomas  B.  Johnston,  F.R.S.E.,  of  Messrs  W.  and  A.  K.  Johnston,  Geographica 

Publishers,  4  St  Andrew  Square. 
William  Nelson,  of  Messrs  Thomas  Nelson  and  Sons,  Publishers,  Hope  Park 

Crescent. 

*  His  Grace  was  elected  Patron  in  1875.  The  former  Patrons  were  Sir 
Roderick  Murchison  and  Sir  Charles  Lyell,  who  successively  held  the  appointment 
until  their  death. 


II.  OEDINAEY  FELLOWS. 


{Those  Fellows  who  have  compounded  for  their  Annual  Subscriptions  by  becoming 
"  Life  Members  "  are  marked  with  an  asterisk.  The  dates  indicate  when  the 
Fellows  were  elected. ) 


*Archibald,  John,  Devonvale,  Tilli- 
coultry,(1868). 

Armstroug,  William,  Jmi.,  51.  E., 
Pelaw  House,  Chester  le  Street, 
England  (1869). 

Austine,  John,  Oak  Lodge,  Hamil- 
ton (1866). 

*Balfour,  Isaac  Bayley,  D.Sc,  Edin., 
27  Inverleith  Row  (1874). 

Beattie,  William,  Builder,  4 
Frederick  Street  (1870). 

Begbie,  William  M.,  Crown  Circus, 
Dowanhill,  Glasgow  (1866). 

Belfrage,  Andrew,  C.E.,  1  Erskine 
Place  (1868). 

Bell,  Robert,  Coalmaster,  Broxburn 
(1866). 

Binning-Home,  G.  H.  Munro,  of 
Argaty,  Doune,  Stirling  (1873). 
10  Black,  Dr.  W.  T.,  2  George  Square 
(1873). 
*Blyth,  Rev.  Thos.  Allen,  M.A., 
Ph.  D.,  Curate  of  Wymonham, 
Norfolk  (1864). 

Brodie,  Alexander,  10  Oxford 
Terrace  (1862). 

Bryce,  James,  M.A.,  LL.D., 
C'.R.S.E.,  F.G.S.,  18  Morning- 
side  Place,   Vice-President  (1875). 

Buchanan,  John,  C.E.,  24  George 
Street,  Councillor  (1868). 

Cadell,  Henry,  of  Grange,  Bo'ness ; 
formerly  Vice-President  (1866). 

CadeU,  William  M.,  1  Clarendon 
Crescent  (1874). 

Cairns,  Henry,  W.S.,  21  St  An- 
drew Square  (1862). 

Carey,  William,  Wcmyss  Colliery, 
Fife  (1866). 

Carter,  William  Allan,  C.E.,  5  St 
Andrew  Square  (1874). 
20  Clark,  G.B.,  5  Blackwood  Crescent 
(1873). 

Colston,  James,  Bailie,  23  Regent 
Terrace  (1869). 

Conchie,  William,  Public  School, 
Livingstone,  Mid-Calder  (1876). 

Coyne,  Roderick  A.  F.  A.,  C.E., 
Edinburgh  and  District  Water 
Trust  Offices,  Royal  Exchange 
(1864). 

Croll,  James,  LL.D.,  F.R.S., 
Resident  Geologist  of  the  Geolo- 
logical  Survey  of  Scotland,  India 
Buildings,  Victoria  Street  (1869).  | 


Dakell,   John   Brown,     Merchant, 

Lesmahagow  (1866). 
Daniell,  Alfred,   M.A.,   B.Sc,    19 
Gillespie  Crescent  (1877). 
*Deans,      P.D.,      Mount     Charles, 

Portobello  (1876). 
Dick,  Robert,  Coalmaster,  Wynd- 
edge    Colliery,    by    Motherwell 
(1865). 
Dick,  Thomas,  Parish  Schoolmaster, 
Kirknewton  (1870). 
30  Douglas,     Robert,     Solicitor    and 
Town-clerk,     Berwick-on-Tweed 
(1874). 
Drummond,   Henry,    Free  Church 

College,  Mound  (1873). 
Drummond,    William,    S.S.C,    21 

Charlotte  Square.(1868). 
Farquharson,  Thos.  Ker,  Account- 
ant,   15    St    Catherine's    Place, 
Grange  (1875). 
Ferguson, 'John,  15  Brighton  Place, 
Portobello  (1863). 
*Ferguson,  William,  of  Kinraundy, 
University  Club,  Princes  Street, 
F.R.S.E.,  F.L.S.,  F.G.S.  (1876). 
Field,  William,  6  Mansfield  Place 

(1864). 
Fleming,  Andrew,  M.D.,  H.M.I.A., 
C'.R.S.E.,  3  Napier  Road,  Mer- 
chiston.  Councillor  (1875). 
*Fraser,      Alexander,      Canonmills 

Lodge  (1869). 
Galletly,  John,  Chemist,  Addiewell, 
West  Calder  (1877). 
40  Galloway,  John,  Kilmarnock  (1866). 
*Gibson-Craig,  The  Right  Hon.  Sir 
William,    of    Riccarton,     Bart., 
Riccarton,  Currie  (1869). 
Gowans,  Alexander,  25  George  St. 

(1863). 
Gowans,  James,  31  Castle  Terrace  ; 

formerly  Vice-President  (1863). 
Gray,    Archibald,    C.E.,  Glengar 

nock.  Paisley  (1866). 
Greig,  John,  Coltuess  Iron  Works, 
Wishaw  (1865). 
*Grieve,   George  J.  Primrose,  Kirk- 
bank,  Burntisland  (1864). 
Grossart,  William,   Surgeon,  Sals- 
burgh,  Holytown   (1870). 
Guthrie,     J.  '  Young,    S.S.C,     7 

Osborne  Terrace  (1876). 
Harrison,  George.  36  North  Bridge 
(1867). 


50  Henderson,  John,  9  Meadow  Place, 
Curator  of  the  Museum  (1862). 

Hemlerson,    William,  of   Redford, 
Linlithgow  (1873). 
*Hood,  Archd.,  Coalmaster,  "VVhite- 
hill  Colliery,  Lasswade  (1869). 

Horsbnrgh,  John,  Photographer, 
131  Princes  Street  (1863). 

Hunter,  John  R.  S.,  LL.D.,  Dale 
Villa,  Carluke  (1862). 

Jack,  R.  L.,  F.G.S.,  Provincial 
Geologist  for  Queensland,  Bris- 
bane (1873). 

Jackson,  Richard  Atkinson,  M.B., 
C.  M. ,  Little  Sutton  near  Chester, 
England  (1868). 

Jeffrey,  David,  14  Randolph  Cres- 
cent (1867). 

Jenner,     Charles,     F.R.S.E.,     47 

Princes  Street  (1867). 
*JolIy,  William,  H.M.  Inspector  of 
Schools,  Island  Bank,  Inverness 
(1867). 
60  Ken  ward,    William,    5    Randolph 
Place  (1866). 

Ker,  Robert  Darling,  St  Leonard's 
House,  St  Leonard's  Street, 
Librarian  (1863). 

Kilgour,  T.  W.,  4  East  Brighton 
Crescent,  Portobello,  Councillor 
(1874). 

Kitto,  R.  L.  ]\L,  Preston  Lodge, 
Preston  pans  (1876). 

Knox,  Thomas,  Merchant,  15 
Hanover  Street  (1865). 

Landale,  Andrew,  Lochgelly  Iron- 
works, Lochgelly,  Fife  (1864). 

Landale,  David,  M.E.,  62  Castle 
Street  (1863). 

Landale,  James,  M.E.,  62  Castle 
Street  (1868). 

Lapworth,  Charles,  F.G.S.,  3  Alfred 
Place,  St  Andrews  (1869). 
*Linford,  William,  Elstow,  St 
James',  Exeter,  England  (1873). 
70  Linn,  James,  Geological  Survey  of 
Scotland,  India  Buildings,  Coun- 
cillor (1868). 

Livesay,  William,  M.D.  Edin., 
Sudbury,  Derby,  England  (1869). 

Livingstone,  Josiah,  4  Minto  Street 
(1867). 

Lumsden,  Alexander,  M.E.,  Addie- 
well  Oil  Works,  West  Calder 
(1865). 

Lundy,  John  James,  F.G.S., 
F.C.S.,  4  Assembly  Street,  Leith 
(1863). 
*Lyon,  George,  Trcasuj-cr  of  the 
Society,  9  Bernard  Terrace,  New- 
ington  ;  George  Heriot's  Hospital 
Treasurer's  Office,  7  Royal  Ex- 
change (1842). 


M'Cutcheou,  William,  Assistant 
Works  Manager,  Addiewell,  West 
Calder  (1877). 

Macdonald,  Charles,  Writer,  Thurso 
(1869). 

Mack,  Anthony,  J. P.,  6  Crescent, 
Ardrossan ;  and  30  Rutland  Square 
(1873). 

M'Diarmid,  William  R.,  8  Palmer- 
ston  Place  (1877). 
80  M'Intosh,    James,     Bookseller,    3 
South  College  Street  (1S39). 

Maclachlan,  D.,  Publisher,  64  South 

Bridge  (1867). 
*M'Lagan,     P.,     M.P.,     F.R.S.E., 
of     Pumpherston,     Mid  -  Calder 
(1875). 

M'Laren,  Duncan,  M.P.,  Newiug 
ton  House  (1873). 

Mackay,  ^neas,J.G.,  M.A.,LL.B., 
Professor  of  History  in  Edinburgh 
University,  7  Albyn  Place  (1867). 

Mackenzie,  William,  Hope  Park 
End  House,  Hope  Park  Terrace 
(1866). 
*Mackenzie,  John  F.,  C.E.,  H.M. 
Indian  Service,  32  London  Street 
(1873). 

IMacnab,  James,  9  St  Andrew  Square 

(1865). 
*Maher,      Michael,     Solicitor,      51 
Upper  Temple  Street,  Birming- 
ham (1872). 
*Marshall,    W.    H.,    of  Callander, 
W.S.,  25  Heriot  Row  (1875). 
90  Mathieson,  Kenneth, ^Comely  Park, 
Dunfermline  (1868). 
*Maughan,    Edward,    119a    George 

Street  (1874). 
*Melvin,  James,  Bonnington,  Ratho, 
and   31    Chalmers   Street,    Vice- 
Frcsklcnt  (1668). 

Merricks,  Wm.,  Gunpowder  Manu- 
facturer, Eskhill,  Roslin  (1867). 

ililler,  George,  Sharebroker,  60 
Princes  Street  (1863). 
*Milne-Home,  David,  of  Milne- 
graden  and  Wedderburn,  LL.D., 
C.  R.S.E.,  F.G.S.,  Paxton  House, 
Berwick-on-Tweed,  and  10  York 
Place,  President  {\^T[). 
*Mofrat,   John,  Ardrossan  (1866). 

Moore,  Thomas  Hepburn,  Coal- 
master,  Smeaton  Park,  Inveresk, 
Musselburgh  (1869). 

Mungall,  Henry,  W  hiteiield  Colliery, 
Dunfermline  (1867). 

Myers,  Rev.  A.  S.,  Manse  of  Ben- 
holm,  Bervie  by  Fordoun,  Kin- 
cardineshire (1872). 
100  Naismyth,  Alexander  H.,  M.E., 
Prestongrange  Colliery,  Preston- 
pans  (1877). 


Nasmyth,  Jauies,  DonibrLstle  Col-  i 
liery,  by  Crossgates,  Fife  (1866).  , 
Nicholson,  Henry  AllejTie,  M.A.,  , 
M.D.  Edinr.  D.Sc.  Edinr.,  I 
F.R.S.E.,  F.G.S.,  F.L.S.,  Pro- 
fessor of  Natural  History  in  St 
Andrew's  University  (1866). 

Ormiston,  Archibald  R.,  Shott's 
Ironworks,  Shott's  (1866). 

Overend,  James,  24  Scotland  Street 

(1872). 
*Pantou,     George    A.,      F.E.S.E., 
Resident  Secretary  Scottish  Pro- 
vident Institution,  24  Bennett's 
Hill,  Birmingham  (1862). 

Paterson,  Dr  Jolm,  Glenburn  House, 
Rothesay  (1873). 

Paterson,  Robert,  ^^-chitect,  47 
.Grange  Road  (1871), 

Paull,  Gavin,  "Wilsontown  Gas  Coal 
Works,  Carawath  (1866). 

Payne,    William,    Kronos   House, 
ilostyn  Street,  Llandudno  (1874). 
110  Plenderleith,  JohnA.,  C.E.,  Addie- 
well,  ^Yest  Calder  (1877). 
*Powiie,      James,      of     Reswallie, 
F.R.S.E.,      F.G.S.,      ReswalUe, 
near  Forfar  (1867). 
*Prentice,   Thomas,    Mining  Mana- 
ger,    AddieweU,     West     Calder 
(1877). 

Richardson,  Ralph,  Honorary  Secre- 
tary of  thi  Society,  W.S., 
F.R.S.E.,  35  Castle  Street  and 
16  Coates  Crescent ;  Newpark 
House,  Mid-Calder  (1866). 

Ritchie,  James,  C.E.,  Perth  (1867). 

Robinson,     John    Ryley,     LL.D., 
F.R.G.S.,  South  Terrace,  Dews- 
buiy,  England  (1865). 
*Rodger,  John  F.,  S.S.C,  1  Royal 
Circus  (1867). 

Romanis,  Dr  Robert,  5  Hope  Ter- 
race (1876). 

Roman.s,  John,  C.E.,8  Forth  Street 
(1867). 

Rorie,    G.   L.,    Banker,  60   Union 
Street,  Aberdeen  (1868). 
120  RosehiU,  the  Right  Hon.  Lord,  76 
St  George's  Square,  London,  S.  W. 
(1869). 

Sanderson,  James  H.,  Goldsmith 
and  Lapidarj',  92  Princes  Sti'eet 
(1863). 

Shiells,  R.  Thornton,  Architect,  8 
Lon.sdale  Terrace  (1867). 
*Shipston,  Thomas  Wiseman,  M.A., 
LL.D.,    Arlington  House,   West 
Ham,  London,  E.  (1871). 

Simpson,  Alexander  Gray,  of  Carfin, 
Holytown  (1865). 

Simpson,  George,  of  Kinglassie,  13 
Jliutland  Street  (1S73). 


Small,  Robert,  Assistant  Inspects  of 

Schools,  3  Bernard  Terrace  (1869) 

*Smith,    Robert    M.,    F.R.S.K.,    4 

Bellevue  Crescent  (1867). 

Smith,    Frederick     R.,    Steepside, 

Cherrybank,  Perth  (1875). 
Somervail,    Alexander,    Stationer, 
73   George   Street,    Convener   of 
the  Society's  Lothians  and   Fife 
Palieontological  Committee  ( 1 863) 
130*Spowart,  Thomas,   of   Broomhead, 
Dunfermline,  and  7  Coates  Cres- 
cent (1863). 
Steuart,  D.  R.,  Selms,  Kirknewton 

(1S76). 
Stevenson,  David,  C.E.,F.  P.  R.S.E., 
84  George  Street  (1875). 
*Stevenson-Hamilton,  James,   Fair- 
holm,  Lanarkshire  (1865). 
Stewart,  James  L.,  Alpha  Cottage, 
Carluke  (1866)., 
*Sturman,  Edward  A.,  M.  A.,  Ph.D., 
Principal  of  Queen's   College,  3 
Thicket  Road,   Anerley,  Syden- 
ham, London,  S.E.  (1870). 
*StuiTock,'Peter,  C.E.,  Kilmarnock, 

(1866).' 
*Sutton,  William,  LL.D.,  42  High 
Street,  Ilfracombe,  North  Devon 
(1871). 
Taylor,     Andrew,     F.C.S.,     Miss 
Thomson's,  6  Clerk  Street,  Coun- 
ciUor  (1874). 
*Thin,  James,  Bookseller,  55  South 
Bridge  (1867). 
140  Thompson,  D'Arcy  Wentworth,  27 
Alva  Street  (li77). 
*Thonison,     Robert,     Bridge    End, 
Berwick-on  Tweed  (1875). 
Thornley,    Dr,    Assistant    Medical 
Officer,   Leicestershire  and  Rut- 
land Lunatic  Asylum,  Leicester 
(1876). 
*Trevelyan,   Arthur,  of  Tvneholm, 
Pencaitland  (1873). 
Tunu}-,  James  G.,  Photographer,  13 

Maitland  Street  (1862). 
Turnbull,  James,  Printer,  21  George 

Strett  (1867). 
Walker,    Robert,     Universitj',    St 

Andrews  (1867). 
Williamson,    John   R.,    M.E.,    46 

George  Square  (1869). 
*Wilson,     Charles    Monck,    M.A., 
LL.D.,     F.R.D.S.,    C.E.,    Rose 
Villa,  North  Strand,  Limerick  ; 
and  Kildare  Street  Club,  Dublin 
(1871). 
Wilson,  James,  42  Morrison  Street 
(1873). 
150  Wood,  Thomas  Alexander,  6  West 
Brighton    Crescent,     Portobello 
(1870). 


III.  ASSOCIATES  * 


(Tlic  dates  indicate,  the  year  of  election). 


Rev.  Henry  W.  Crosskey,  F.G.S., 

28    George    Street,    Edgbastou, 

Binningham  (1864). 
Henry  Murphy,  Proprietor  Sliefficld 

Post     Newspaper,     25    Howard 

Street,  Sheffield  (1864). 
Nicholas  Whitley,   C'.E.,  Penarth, 

Truro,  Cornwall  (1865). 
John    Sadler,    Secretary     Scottish 

Arboricultural     Society,     Royal 

Botanic  Gardens,  Edin.  (1866). 
Edward  A.  Wiinsch,  Manufacturer, 

88   St  Vincent  Street,  Glasgow 

(1866). 
John  Young,  Hunterian  Museum, 

College,  Glasgow  (1867). 
James  Armstrong,  16  Albert  Drive, 

Queen's  Park,  Glasgow  (1867). 
Andrew    Taylor,    F.C.S.,    Mineral 

Surveyor,  5  St  Andrew  Square, 

(1867).     Also  a  Fellow. 
Edward  Hull,  M.  A. ,  F.  R.  S. ,  F.  G.  S. , 

Director  of  the  Geological  Survey 

of    Ireland,    and     Professor     of 

Geology  in  the  Royal  College  of 

Science,  Dublin,  14  Hume  Street, 

Dublin  (1869). 
10  Rev.  Robert  Hunter,  M.A.,  F.G.S., 

9  Mecklenburgh  Street,  Mecklen- 

burgh    Square,    London,    "VV.C. 

(1869). 
Henry  Woodward,  F.R.S.,  C.  G.S., 

F.Z.S.,  British  Museum,  London, 

W.C.  (1869). 
William      Linford,      Elstow,       St 

James',    Exeter   QS/O).     Also   a 

Fellow. 
Charles  William  Peach,  A.L.S.,  30 

Haddington  Place  (1871). 


Sir  Richard  John  Griffith,  Bart., 
LL.D.,  F.R.S.E.,  F.G.S., 
M.R.I. A.,  2  Fitzwilliam  Place, 
Dublin  (1872). 

W.  Lauder  Lindsay,  M.  D. ,  F.R.  S.E. , 
F.L.S.,  Hon.  Mem.  New  Zealand 
Institute,  Gilgal,  Perth  (1872). 
James  Geikie,  F.R.SS.  L.  k  E., 
F.G.S.,  District  Surveyor  of  the 
Geological  Survey  of  Scotland,  16 
Duncan  Street,  Newington  ( 1 874). 

Rev.  Thomas  Brown,  F.R.S.E.,  16 
Carlton  Street  (1874). 

Joseph  Prestwich  M.A.,  F.R.S., 
Professor  of  Geology  in  the 
University  of  Oxford,  34  Broad 
Street,  Oxford  (1875). 

James  Bryce,  M.A.,  LL.D., 
6'.R.S.E.,  F.G.S.,  18  Morning- 
side  Place  (1875).  Also  a  Fellow. 
20  Robert  Brown,  M.A.,  Ph.D., 
F.R.G.S.,  F.L.S.,  26  Guilford 
Road,  Albert  Square,  London, 
S.W.  (1875). 

G.H.Kiuahan,M.R.I.A.,F.R.G.S.I., 
District  Surveyor  of  the  Geolo- 
gical Survey  of  Ireland,  14  Hume 
Street,  Dublin  (1875). 

John  W.  Judd,  C'.G.S.,  Professor 
of  Geology,  Royal  School  of 
Mines,  Jermyn  Street,  London, 
S.W.  (1875.) 

Frederick  W.  Rudler,  F.G.S.,  6 
PondStreet,  Hampstead,  London, 
S.W.  (1875). 

Alexander,  Croall,   Curator  of  the 
Smith  Institute,  Stirling  (1875). 
25  J.   A.   Knipe,  Botcherby,   Carlisle 
(1875). 


IV.  FOREIGN  COERESPONDING  FELLOWS. 


(The  dates  signify  when  elected). 


I.  Europe. 
1.  Sioitzerland. 
Dr  Ferdinand  Keller,  Zurich  (1864). 
Professor    Alphonse     Favre,    For. 
Mem.  G.S.,  Geneva  (1869). 


Rev.   Dr  Oswald  Heer,  For.  Mem. 

G.S.,  Professor  of  Botany  in  the 

University  of  Zurich  (1869). 
Bernard  Studer,  For.  Mem.  G.S., 

Professor     of     Geology,     Berne 

(1869). 


*  Law  XVI.  enacts,  "The  Society  shall  have  power  to  elect  by  ballot,  as  Associates, 
gentlemen  distinguished  for  their  Scientific  attainments  and  researches,  particu- 
larly in  any  department  of  Geology,  or  who  may  have  acc^uired  claims  on  the 
Society  by  aiding  the  furtherance  of  its  objects." 


2.  Austria. 
Ami  Boue,  M.D.,  For.  Mein.  G.S., 
Mem.    Acad.    Imp.   Sc,   Vienna 
(1869). 

3.  Koru-ay. 

Dr  Theodor  Kjerulf,  For.  Mem. 
G.S.,  University  of  Christiania 
(1869). 

4.  Siveden. 

M.  S.  Loven,  Stockholm  (1869). 
Professor  Svend  Nilsson,  For.  Mem. 

G.S.,  Lund,  Sweden  (1869). 
C.  W.  Pajkull,  Decent  i  Geologic-, 

Upsala,  Sweden  (1869). 
10  Professor  Otto  Torell,  Lund  (1869). 

5.  France. 

Dr  Henry  Milne-Edwards,  Membre 
de  rinstitut.  For.  Mem.  R.S.  & 
G.S.,  Professor  of  Natural  His- 
tory, Jardin  des  Plantes,  Paris 
(1869). 

Paul  Gervais,  For.  Mem.  G.S., 
Professor  of  Comparative  Ana- 
tomy in  tlie  ISIuseum  of  Natural 
History,  11  Eue  KoUin,  Paris 
(1869). 

Achille  Delesse,  For.  Mem.  G.S., 
Ingenieur  en  chef  des  Mines,  59 
rue  Madame,  Paris  (1875). 

6.  Germany. 

Professor  F.  Zirkel,  38  Frankfurter 
strasse,  Leipzig  (1869). 

Hanns  Bruno  Geinetz,  Ph.  D.,  For. 
Mem.  G.S.,  Professor  of  Minera- 
locry  and  Geology  in  the  Univer- 
sify  of  Dresden  (1869). 

Dr  Aug.  Petermann,  Editor  of  the 
"  Geographische  Mittheilungen," 
Gotha  (1869). 

Professor  Fridolin  Sandberger, 
Ph.D.,  For.  Mem.  G.S.,  Pro- 
fessor of  Mineralogy,  University 
of  Wtirzburg,  Bavaria  (1869). 

7.  Russia. 
20  General   G.    von   Helmersen,   For. 
Mem.G.S.,  St  Petersburg  (1869). 
]\I.  Von  Kokscharow,  St  Petersburg 
(1869). 

8.  Italy. 
G   Meneghini,  Professor  of  Palreon- 
'tology.  University  of  Pisa  (1869). 
Paolo  Savi,    Professor  of  Zoology, 

University  of  Pisa  (1869). 
B   Gastaldi,"^  For.  Mem.  G.S.,  Pro- 
fessor of  Geology,  Turin  (1869). 

9.  Denmark. 
Johannes  Frederik  Johnstrup,  Pro- 
fessor of  Mineralogy,  Copenhagen 

(1809). 


Professor  Japetus  Sra.  Steenstrap, 
University  of  Copenhagen,  Secre- 
tary of  the  Royal  Danish  Academy 
of  Science  and  Literature  (1869). 

10.  Belgium. 

Laurent-Guillaume    de     Koninck, 

M.D.,  For.  Mem.  G.S.,  Professor 

of  Chemistry  and  Palaeontology 

in  the  University  of  Liege  (1869). 

IL  Asia. 
LuHa. 
Thomas    Oldham,    M.A.,    LL.D., 
F.R.S.,  F.G.S.,  Director  of  the 
Geological   Survey    of    India,   1 
Hastings  Street,' Calcutta  (1864). 
J.    W.    Johnstone,    M.D.,    H.M. 
Bengal  Army  (1869). 

IIL  Africa, 
30  Charles  Bell,  Surveyor-General  for 
Cape   Colony,   Belton,   Somerset 
Road,  Cape  Town  (1864). 
Dr   George   Grey,  Cradock,   South 

Africa  (1864). 
Dr    Daniel    Hahn,    Stellenbosch, 
Cape  of  Good  Hope  (1875). 

IV.  America. 
1.  Canada. 
George  Lawson,  LL.D.,  Professor  of 
Chemistry  in  Dalhousie  College, 
Halifax,  Nova  Scotia  (1863). 
John    William    Dawson,     LL.D., 
F.R.S.,     F.G.S.,     Principal     of 
M'Gill's  College,  Montreal(1866). 

2.  United  States. 

Dr  Daniels,  State  Geologist  of  Wis- 
consin, Madison,  Wis.  (1864). 

Professor  Alexander  Winchell,  State 
Geologist  of  Michigan,  Syracuse, 
N.Y.  (1864). 

Professor  J.  D.  Whitney,  State 
Geologist  of  California,  Cam- 
bridge, Mass  (1866). 

Professor  J.  H.  M'Chesney,  Chicago 
(1866). 

Frederick  Whymper,  San  Francisco 
(1866). 
40  Professor  William  P.  Blake,  of  the 
State    Department,    Newhaven, 
Connecticut  (1866). 

William  Gabb,  Paleontologist  of 
the  Geological  Survey  of  Cali- 
fornia (1866). 

Professor  Benjamin  Silliman,  Editor 
of  "The  American  Journal  of 
Science  and  Arts,"  Newhaven, 
Connecticut  (1867). 

Colonel  Lauder  Ransom,  of  the 
California  Academy  of  Natural 
Sciences,  San  Francisco  (1867). 


Major  T.  B.  Brooks,  Wisconsin 
Geological  Survey,  Marquette, 
Michigan  (1876). 

Dr  F.  V.  Hayden,  United  States 
Geologist,  Washington  (1877). 

3.  Vancouver  Island. 
J.      Eobertson    Stewart,    Victoria 

(1866). 
John   J.    Landale,    C.E.,    Victoria 

(1866). 
George  H.  Wilson  Brown,  Victoria 

(1867). 

4.  Greenland. 
Christian    Georg    Frederick    PfafF, 
Distriktslaege,Jakobshavn,  North 
Greenland  (1869). 

5.  Brazil. 
50  Henry  S.  Wilson,  M.D.  (1863). 

V.  Australasia. 
1.  New  Zealand. 
Edward  M'Glashan,  Dunedin,  Otago 
(1863). 


James  Coutts  Crawford,  of  0  vertoun 
(Lanarkshire),  F.G.S.,  Resident 
Magistrate  and  Sheriff  of  Welling- 
ton (1863). 

Julius  von  Haast,  Ph.D.,  F.R.S., 
F.L.S.,  F.G.S.,  Director  of  the 
Canterbury  Museum,  Christ- 
church,  Canterbury  (1863). 

James  Hector,  M.D.,  F.R.S., 
F.G.S.,  Director  of  the  Geological 
Survey  of  New  Zealand,  Welling- 
ton (1864). 

2.  Victoria. 

Frederick  M 'Coy,  F.G.S.,  Professor 
of  Natural  History  in  the  Uni- 
versity of  Melbourne,  and  Director 
of  the  National  Museum,  Mel- 
bourne (1866). 

VI.  Additional  Foreign  Corres- 
ponding Fellow. 

56  Peter  Comrie,  Staff  Surgeon,  R.N. 
(1866). 


V.  LEAENED  SOCIETIES  AND  INSTITUTIONS  IN 
COERESPONDENCE  WITH  THE  SOCIETY. 


I.  Scotland. 
Edinburgh. 
*Royal  Society. 

*Society  of  Antiquaries  of  Scotland. 
*  Botanical  Society. 
•Scottish  Meteorological  Society. 
*Royal  Physical  Society. 
Advocates'  Library. 
Signet  Library. 
University  Library. 
Highland  and  Agricultural  Society 
of  Scotland. 
10  Scottish  Chamber  of  Agriculture. 
Philosophical  Institution. 
Literary  Institute. 
Glasgoio. 
•Geological  Society. 
•Natural  History  Society. 
Athenreum. 

Berwickshire. 
•Naturalists'  Club. 


II.  England. 

London. 
•Royal  Society. 
•Geological  Society. 
•Geologists'  Association. 
20*Royal  Geographical  Society. 
Zoological  Society. 
British  iluseum. 

Oxford. 
Bodleian  Library. 

Cambridge. 
University  Library. 
Manchester. 
•Geological  Society. 
•Literary  and  Philosophical  Society. 

Liverpool. 
•Geological  Society. 
•Literary  and  Philosophical  Society. 
Leeds. 
Philosophical  and  Literary  Society. 
30*Naturalists'  Club. 


*  This  mark  is  placed  opposite  the  names  of  Societies  or  Institutions  from 
which  the  Edinburgh  Geological  Society  received  donations  of  Transactions,  Pro- 
ceedings, Memoirs,  or  Reports  during  1875,  1876,  and  the  commencement  of 
1877.  To  all  such  Societies  and  Institutions  a  copy  of  Part  I.  of  Vol.  III.  of  the 
Society's  Transactions  (1877)  has  been  sent  free  of  charge. 


Bristol. 
*i^aturalists'  Society. 

Truro. 
*Eoyal  Institution  of  Cornwall. 

Warwick. 
^Warwickshire  Natural  History  Soc. 

Newcastle-on-  Tyne. 
*Literary  and  Philosophical  Society. 

Watford,  Hcrtfordsliirc. 
*Natural  History  Society. 

Brighton. 
*Natural  History  Society. 

III.  Ireland. 
Duhlin. 
Library  of  Trinity  College. 
Royal  Irish  Academy. 
Royal  Geological  Society  of  Ireland. 
*Institution  of  Civil  Engineers. 
Belfast. 
30*Xaturalists'  Field  Club. 

IV.  France. 
Paris. 

Royal  Academy  of  Sciences. 
Geological  Society  of  France. 
School  of  Mines. 
Geographical  Society. 
Lyons. 
*Societe  d'Etudes  Scientifiques. 

Amiens. 
*Societe  Linneenne  du  Nord. 

Lille. 
*Societe  Geologique  du  Nord. 

V.  Belgium. 
Briissels. 

*Eoyal  Academy  of  Sciences. 
Liege. 
Royal  Society  of  Sciences. 
50*Societe  Geologique  de  Belgic^ue. 
VI.  Switzerland. 
Geneva. 
*Societe  de  Physique  et  d'Histoire 
Naturelle. 

Lccusanne. 
*Societe  Vaudoise  de  Sciences. 
Zurich. 
Naturforschende  Gesellschaft. 

VII.  Italy. 
Rome. 
*R.  Com.  Geologico  d'ltalia. 

Florence. 
*Royal  Geological  Society  of  Italy. 
Turin. 
Royal  Academy  of  Sciences. 


Venice. 
*Royal  Institute. 

Pisa. 
*Societa  Toscana  di  Scienze  Naturali. 
VIII.  Austria. 
Vien7ia. 
K.  K.  AkademiederWissenschafteu. 
K.  K.  Geologische  Reichsanstalt. 
60  K.  K.  Geographische   Gesellschaft. 
*K.  K.  Zoologisch-Botanische  Gesell- 
schaft. 

Buda  Pest. 
*Natioual  Museum  of  Hungary. 
Trieste. 
Societa     Adriatica     di     Scienze 
Naturali. 

Briinn. 
*Naturforschender  Verein. 

LnnsbriicJc. 
*Naturwissenschaftliche  -  Medizin- 
ischer  Verein. 

IX.  Bavaria. 

iManich. 

*K.  Akademie  dor  Wissenschaften. 

X.  Baden. 

Heidelberg. 

*Naturhistorisch  -  Medicinischer 

Verein. 

XI.  Saxony. 
Dresden. 
Naturwissenschaftliche  Gesell- 

schaft "Isis." 

Leipzig. 
Klin.      Gesellschaft     der    Wissen- 
schaften. 

XII.  Pru.ssia. 

Berlin. 
70  Konig.     Akademie     der     Wissen- 
schaften. 

Konigsherg. 
*Physikalisch  -  Okonomische  Gesell- 
schaft. 

XIII.  Denmark. 

Copenlwgen. 
*Royal  Danish  Academy. 
XIV.  Norway. 
Chrisliania. 
*Royal  University. 

Bergen. 
*Library  of  the  Museum. 
Trondhjcm. 
Royal  Scientific  Society  of  Norway. 


XIU 


XV.  Sweden. 
Stockholm. 
'Royal  Academy  of  Sciences. 


*Royal  Society  of  Sciences. 

Lund. 
*Library  of  the  University. 
XVI.  Etjssia. 
St  Petersburg. 
Imperial  Academy  of  Sciences. 
80*Imperial  Geological  Society. 
Moscow. 
Imperial  Society  of  Naturalists. 
XVII.  Canada. 
Montreal. 
*Library  of  the   Geological  Survey 
of  Canada. 
Natural  History  Society. 
Toronto. 
*Canadian  Institute. 

XVIII.  United  States. 
New  York. 
*State      Library,       Museum      and 

Cabinet  of  Natural  History. 
*American     Geographical     Society, 
No  11  West  29th  Street. 
American  Bureau  of  Mines. 
*Lyceum  of  Natural  History. 
American  Ethnological  Society. 
90*School  of  Mines,  Columbia  College. 
Washington. 
*Smithsonian  Institution. 
United  States  Coast  Survey. 
National  Academy  of  Sciences. 
*United    States    Geological   Survey 

of  the  Territories. 
*  United     States      Department      of 
Agriculture. 

Boston. 
*Society  of  Natural  History. 
PubHc  Library  of  the  City. 

Portland  {Maine). 
Natural  History  Society. 


Cambridge  {Mass.). 
Library  of  Harvard  College. 
Salem  {Mass.). 
100*Peabody  Academy  of  Science. 
Neio  Haven  {Conn.). 
*Connecticut  Academy  of  Sciences. 
Library  of  Yale  College. 
Philadel'phia. 
*Academy  of  Natural  Sciences. 
Chicago. 
Academy  of  Sciences. 

Bloomington  {III.). 
Natural  History  Society. 

Kcw  Orleans. 
Academy  of  Sciences. 
San  Francisco. 
*California     Academy     of    Natural 
Sciences. 

St  Louis. 
*Academy  of  Sciences. 

XIX.  Australia. 
Melbourne. 
Royal  Society  of  Victoria. 
110*Government  Office  of  Mines. 
Sydney. 
Royal  Society  of  New  South  Wales. 
*Government  Office  of  Mines. 
XX.  New  Zealand. 
Wellington. 
*New  Zealand  Institute. 
XXI.  Brazil. 
Rio  de  Janeiro. 
*Commissao   Geologica   do  Imperio 

do  Brazil. 
*National     Museum     of     Rio     de 
Janeiro. 

XXII.  Egypt. 

Cairo. 

116*Societe  Khediviale  de  Geographic. 


Society's  Library  and  Museum— 5  St  Andrew  Square. 
Assistant  Librarian  and  Officer  of  Society— TnoMAsBAWsoji!,  5  St  Andrew  Square. 


'/  The  Members  of  the  Society  are  requested  to  intimate  to  the  Honorary 
Secretary  all  clmnges  of  residence. 
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